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TULAREMIA A SUMMARY OF CERTAIN ASPECTS OF THE 
DISEASE mCLUDING METHODS FOR EARLY DIAGNOSIS 
AND THE RESULTS OF SERUM TREATMENT IN 600 
PATIENTS 


LEE FOSHAY, M D 

From Ike DeparttHeni of Bacteriaiogy CoBegt of iledtcino, Unhereity of Cincinnatt and 
the Cinannait General Bospitol 

When this study was first projected it was recognized that tularemia 
IS an eitraordmanly vanable disease, not only m its sources of mfec- 
bon and modes of transmission but also m its pathogenesis and chn- 
ical manifestabons Cases have been recorded m Cinannati almost 
yearly smce 1914 when Wherry and Lamb (1) first provided bacten- 
ologic proof of the nature of the disease m man A review of hospital 
and dispensary records reveals that durabons of disease and of dis- 
abiUty have varied from minim a of one to two weeks to maxima of 
fourteen to fifteen months Other measurable aqiects of the disease 
vaned sunilarly A review of cases recorded m the hteraturc mdi- 
cated that similar vanabihty occurred wherever the disease had been 
studied It was therefore deaded at the outset that statisbcal meth- 
ods would be necessary to show quantitabvely what effects, if any, 
serum treatment would have, and that an accurate appraisal of the 
value of the treatment could not be made without the accumulation 
of precise data from a senes of scrum treated pabents and from a senes 
of pabents who had received only symptomabc treatment Since 
the infection is characterized by prolonged morbidity and low mor- 
bility It seemed probable that comparabve morbiditv data would be 
more useful than mortality rate comparisons, at least durmg the 
first few years of the study, also that significant differences m van- 
ous aspects of morbidity imght become apparent before similar differ- 
ences could be demonstrated m rclabon to mortnhty Before the 
wtroduebon of specific serum therapy treatment was entirely symp- 
oiabc, consisbng of rest m bed, hot appheabons and analgesic 
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drugs for regional and general comfort, and masion and drainage of 
abscesses as necessar}’^ Many drugs bad been used empirically, such 
as qmmne, iron salts, sabcylates, mercurials, arsemcals and vanous 
dyes, but there is general agreement among dose observers of the dis- 
ease that none modified significantly either the natural course or the 
outcome of the infection Smce the patients who were to receive 
serum therapy would also have bed rest, local apphcations, and sur- 
gical mtervention whenever any of these measures were mdicated 
there seemed to be no objection to the estabhshment of a control 
group which would mdude patients who had received symptomatic 
treatment and patients who had received no treatment at all except 
rest m bed If each group became large enough to be statistically 
stable any differences noted between the treated and control groups 
could be regarded properly as differences due only to serum treatment 
The aspects of the disease which were thought to be smtable for 
numerical expression, together with the definitions that were used 
m theu determinations for both control and treated groups, are as 
follows Duration of disease extended from the day of onset to the 
last day of symptoms referable to tularemia Duration of disabil- 
ity extended from onset of illness to that time when it was possible 
to resume full and umnterrupted performance of the customary duties 
or activities If suppurative ademtis occurred the termmation of the 
duration of adenopathies was marked by the heahng of the mcision 
or smus tract In the absence of suppuration the duration of adenop- 
athy extended from the day buboes appeared to (a) the day they dis- 
appeared or (b) to the tune they reached a diameter less than one 
centimeter and were firm, not tender, painless, and contmued to re- 
cede slowly from that tune without subsequent enlargement The 
febrile penod mcluded every day m which the oral temperature ex- 
ceeded 37°C or 98 6°F The bed ndden penod mcluded aU days 
spent in bed at home or m the hospital Complete epithehalization of 
ulcers marked the termmation of duration of primary lesions In the 
oculoglandular type this penod termmated with heahng of the con- 
junctival lesions In the treated group the febrile penod and the 
bed ndden penod included all days of fever and bed rest that were 
caused by serum sickness All mstances of suppuration of^ buboes 
or of dermal lymphangitic nodules were recorded, and notation was 
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made if suppurations occurred before serum was administered The 
occurrence of late recurrent adenitis, suppurative and non-suppura- 
tive, was also recorded for patients m each group 
With the aim of placmg the collection of all data on a uniform basis 
I formulated a blani. data sheet which could be used to record mforma- 
tion from untreated as well as from serum treated patients, as shown 


Ocaapadon 
Date of e xp o sur e 

Chcok r1lnVa3 type 
UlcerD-gltnduUr 
Oculo-^acdular 
Glaudulax 
Typboldal 


Name Age 

Soura of Infecdoo 
Date of onset of disente 
Primary lesion appeared (date) 

Locatimi 

Date of healing of primary lesion 

Tularemic exanthem present? 

Location 
Duration 

Adenitis appeared What nodes 

Dates of indsions, if any 
Date of healing ot last mcisian 
Diameters of nodes on day aemm wag first given 
Same, 3 to 4 days after scrum 
Total duration m visible and palpable adenlUa 
Ag^atiaation dters, with data 
Same, after serum 

Bacterial skin teat results, with dates 
intiseram skin tat positive? 

Date (i) anu-scnim was given How riven 

Any imiaediate reaction? Duration 

'VMsat type of reaction 

Ibd scrum ilincss occur? Severe? Date of onset 

Total duration Urticaria? 

^tal fdjrile da\'i from onset 

^yi of fever after serum 

^tai days remained in bed 

^te of resmnptlon of normal acdvitla 

Any Ute recur r ent nodal swellings? Onset 

Diga tion Suppurative? 

Approximate or accurate date repraentlng complete convalescence 
^tal duration o! disesic 

Was Ulneai conmUcated by other or secondary Infections? 

Patient tullering from other known illneas when infected? 

Additional data 

Fio 1 

m figure 1 In addition to providing spaces for the recording of the 
desired morbidity and mortality data opportunity was taken to 
acquire information about age, sex, occupation, source of mfcction, 
uiodc of transmission, incubation penod, dmical type of the disease, 
the frequency, nature, and duration of the exanthem about which 
'tUc seemed to be known, the stage of disease at which suppuration 
^ buboes occurred, the pnont) of appearance of the primary lesions 
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or the buboes, the frequency, duration, and seventy of serum sick- 
ness, primary or immediate reactions due to serum admimstration, 
and about the frequency, time of occurrence and outcome of late 
recurrent adenopathies concemmg which very httle accurate informa- 
tion was available Records were also kept of the dates of per- 
formance and the results of serum agglutmation tests, bactenal sus- 
pension skm tests, and immune serum skin tests Notations were 
made of the dates and results of all of the relatively few cultural 
studies Temperature records were condensed mto dady maximal 
and minimal fever curves and transferred onto the backs of the sheets 
On the sheets used for serum treated patients margmal notations 
were made of the day of disease upon which serum administration 
was begun, also the data pertaining to the serum that was used, its 
animal source, lot number, quantity and frequency of dosage 
The ongmal plan was to make the comparative studies with data 
from untreated and treated cases from my own expenence How- 
ever, after pubhcation of the first papers which mdicated that serum 
therapy modified favorably the course of the disease (2), there came 
an mcreasmg number of requests from physiaans who wished to 
give serum to their patients The plan then adopted was that I would 
furnish serum m appropnate amounts, and a direction sheet for its 
proper use, to physiaans havmg patients with verified diagnoses 
with the sole stipulation that m return the physicians would follow 
their patients to complete recovery and then send me the accurate 
information on the blank data sheets I supphed a speaaUy pre- 
pared suspension of killed B Udarmse for early diagnosis by means 
of the mtradermal reaction and, m addition, performed numerous 
serum agglutmation tests by the standard maaoscopic method to 
aid in confirmation of chnical diagnoses Whenever materials were 
sent to me, and frequently when patients were brought to my labora- 
tory, I made guinea pig inoculations with vanous mfected body fluids 
and isolated the mfectmg strains by culture of the heart blood at 
animal autopsy 

Dunng each year that data on treated cases were accumulating, 
from my oism cases, from cases m the Cmcinnati region, and from 
physiaans throughout the country, similar data were accumulated 
from untreated cases m the same geographic regions Difficulty 
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was expenenced m finding a suffiaently large number of control 
cases with accurately observed morbidity data to balance the growing 
body of treated case data obtamed from physiaans throughout the 
country This defiat was made up by addmg to the control senes 
all of the case records presentmg any quantitative information on 
the vanous aspects of morbidity that I could find recorded m the 
current hterature The duration of disease, of disabihty, of fever, 
and so forth, were often presented as approximate rather than as 
exact figures All cases with only approximate figures were clearly 
marked so that if future need arose they could be culled out separately 
and subjected to comparative analjfsis with the precise data from 
the accurately observed control cases 
At the close of each year of study a statistical analysis was made 
in order to see what differences of significance might be observed 
between the control and treated groups, and also to learn whether 
or not any annual mcrement had caused a significant change from 
the constants denved m previous years The results of two such 
comparisons have been reported (3) Although each successive 
comparative analysis had shown differences of a high order of sig- 
nificance between the control and treated groups the reported studies 
were open to the cntiosm that tularemia might not be quite the same 
disease in the Cmcmnati region that it was elsewhere, that the manner 
m which the comparisons had been made would fail to show this, 
tmd that m this respect the control and treated groups might not be 
truly comparable With so many different animal hosts mvolved 
as sources of infection, and espeaally with the passage of the infectmg 
agent through msect and arthropod vectors, it is reasonable to expect 
that regional differences m virulence of the bacteria might occur, a 
fact already demonstrated for animals (4), and that these differences 
Wight be reflected m regional clmical variability Although chnical 
oescnptions of the disease from any other part of this country, even 
rom European and Asiatic countnes, do not reveal any differences 
w kind or m duration of chmcal mamfestations from those recorded 
w the Cmcmnati region it had never been shonn that the duration 
0 disease, for example, had the same frequency distribution in one 
region as in any other 

Wth the exception of the previously staled regard for geographical 
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distnbution the control senes for the present study is composed of 
518 unselected cases The only cntena for admission to this group 
were verification of the diagnosis, absence of specific treatment, 
and available quantitative morbidity data The component sub- 
groups are 50 Cincinnati cases with accurately detennmed morbidity 
data, 170 cases with accurate data drawn from all over the United 
States except the Cmannati region, and 298 cases with approximate 
data from anywhere m the country except the Cmannati region 
These subgroups were analyzed separately and compared with each 
other and with the whole group There were no differences of sta- 
tistical significance between the coeffiaent of vanabihty of any sub- 
group and the coefiSaents of vanabihty of any other subgroup, of 
any combmation of subgroups, or of the entire group, respectively 
There were also no significant differences between the means of any 
two of these subgroups Hence it is clear that the duration of tu- 
laremic mfection m the Cmannati region vaned between the same 
limits that obtamed for this infection elsewhere m the country The 
frequency distnbutions are shown graphically m figure 2 There 
were likewise no significant differences observed between these con- 
stants m relation to duration of disabihty, of adenopathies, of fever, 
or for the other selected aspects of morbidity One may therefore 
safely conclude that throughout the penod covered by these studies 
the sahent chmcal features of the disease vaned between the same 
hmits m the Cmannati region that they did elsewhere in the Umted 
States, and that the control group is a proper standard of companson 
for the treated group 

The treated group was composed of patients selected at random 
The only cntena used for admission to this group were verification 
of the diagnosis, the adnnmstration of specific serum, and available 
quantitative data After termmation of the dlness each data sheet 
was numbered senally and the numencal data for each case were 
transferred senally to a cumulative table with appropnate column 
headings The 600 patients who form the present treated group were 
the first 600 to have their data so recorded With the exception of 
a small number whose physiaans could not be persuaded to return 
the data sheets every tularemia patient who received serum was 
included m the treated group Smce the morbidity data for this 
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group were denved from 81 patients observed and recorded by me, 
from 101 patients treated m the Cmcmnati region and observed and 
recorded by other physicians, and from 391 patients treated m various 
parts of tbiR country this group and its component subgroups were 

CONTROL CASES-DURATION OF DISEASE 
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Fio 2 F^eqdekcy Pis mBUiiOK or IhntAiiow or Disease or the Cases or tite 
Control Gkoup ako or Its Coi£pokent Subgroups 
T ie mean and the cocffidcnt of vorlabflit^f with their respective probable errors, ore 
wown for each fractfonal group There ore no significant differences between any of 
time means nor between any of the coe&denU of variabllit> 


sub3ccted to the same kind of comparative analyses that "were applied 
to the control patient group The frequency distributions for dura- 
tion of disease of the subgroups and the entire group arc shown m 
figure 3 None of the differences between the coeffiaent of varmbihty 
of itn> subgroup and the coeffiaents of vonabilit) of any other sub- 



8 


I£E rOSHAY 


group or combmation of subgroups possess statistical significance 
Hence tbe treated group is also composed of like subgroups The 

SURVIVING SOIUM TREATED CASES 
DURATION OF DISEASE 


iSoBdorea 81 author’s cases 



Fig 3 Frequenct DrsxRiBtmoN of Duration of Disease of the Surviving Cases 
OF THE Serum Treated Group and of Its Component Subgroups 
The mean and the coeffiaent of vanability, vntb their respective probable errors, are 
shonir for each fractional group There are no significant differences between any of the 
coefficients of variability There ate no sigru&ant differences between any means 
except those of subgroups 2 and 3 Subgroup 2 contains the largest numher of patients 
who w ere treated on or before the tenth day of disease Subgroup 3 contains the largest 
number of patients who were treated after the twentieth day of disease. The mean day 
of disease upon which the patients in subgroup 2 received scrum was the 16th day That 
for the paUents m sub^up 3 was the 30th day The difference between these means 
shows a much higher degree of significance th^ the difference between the means for 
duration of disease This difference in time of scrum administration is suffiaent to 
account for the significant difference in duraUon of disease observed between these 
subgroups 

shortened period of duration of disease due to serum treatment vaned 
between the same limits m each of the subgroups regardless of the 
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geographic ongms of the patients and quite wthoiit regard loMhclher 
the durations of disease were dctemimcd by one observer or bv np 
proxunately 400 other observers Similar insignificant dKTcrLiiccS 
were observed m relation to these constants for duration of disability, 
of fever, and to the other aspects of morbidity Hence the cliangts 
m morbidity due to serum treatment of patients throiiglioiit the 
country at large were not significantly different from tliosc obscrvi d 
m the Cincinnati region 

A review of the case histones of the patients showed an ap|)roxl 
mately equal representation m the control and in the treated groiijiH 
of such factors as sources of infection, modes of transmission, ago, 
sex, chmeal typies of the disease, pulmonary lesions, and tlio most 
frequent comphcations and sequelae The one notable excejition 
was the greater number of laboratory acquired cases of the tyjilioldnl 
type m the control group Cases that terminated fatally were i x 
eluded from the morbidity data computations for each group 'J ho 
uifrequently encountered case of chronic progressive tularemic Infec- 
tion was also excluded from each group since this study deals only 
with the effects of serum therapy in acute and subacute infections 
Although a large proportion of the patients observed in the Cincinnati 
region and a lesser number of those observed clscv/herc v/ere studird 
roentgenographically for evidences of pulmonary lesions many of the 
diagnoses of pneumonia were based upon physical signs alone Sina 
chest films were not made routinely it is probable that the pneii- 
inonias that were found and recorded were in large part those vdneh 
liaeause of their size or location could be detected by physical ex- 

anunation 

The dmical classification of the disease used throughout this itiidy 
■a the one onginaUv proposed by Francis (5) This dai'ifieation h 
i°t famred by all students of the disease but, in op nwo, ft 
*1^1 compare unfaxuiablj with otb*^ that ha e suggeited Tfv 
proposed In ICasunaugb fd), /o' example, mahes n-i djitirctice, 
'«treen the glandular and ih" t/pzrrjiii tyjy^ Both are neljde/J 
^ his ayptogenetic on tkf baus the zkfXM. rf pn-nary it- a - s , 
^ opmon this is disad -anpirwss eicc tie 

diffcdt-tf, acfl crc.'te- of dlwatse differ , i>s- 

*^e«i these two t,p« Tc' frer^ency <J ct- i. 
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gravity of prognosis, and t)^e fatality rates also differ markedly (7) 
This study will show that the mdications for serum treatment, the 
responses to treatment, and the optimal dosages of serum differ 
notably between these types Smce the typhoidal dmical type is 
outstandmgly different from the others in so many important respects 
I think it would be advantageous if this form received separate des- 
ignation m any chmcal classification that may finally be adopted 

SERTJMS 

The serums were prepared from goats and from a horse by pro- 
longed senes of subcutaneous moculations with dense formaldehyde 
kdled suspensions of virulent strams of B iularense Durmg the 
first year goat serums were made from two strams of high virulence, 
one recovered from the hver and spleen of a fatal human case at 
autopsy (8), the other recovered from the spmal fluid of a patient 
who died with tularermc memngitis (9) Since no reports of studies 
on antigemc differences among strams of this speaes could be found 
it was deaded to antiapate this possibihty by mcreasmg the valency 
of the serums Strams that had been isolated m different regions 
were secured and additional ones were recovered by ammal mocula- 
tions from patients m the Cmcinnati region ^ From eight to twelve 
strains were used thereafter to moculate the animals Virulence 
was mamtained by occasional senal animal passage of each strain 
AU serum was filtered through Berkefeld N candles Refinement 
and concentration by chemical methods were not attempted because 
of a prejudice approxunatmg conviction that valuable antibodies 
are lost by such methods All serums were admmistered as whole 
serums Durmg the first two years only goat serums were used 
Durmg the next four years both goat and horse serums were used 
each year After two years there were two preparations of horse 
serum, that from my laboratory and the first to be prepared com- 
meraaUy During the last two years horse serum was used also 
m the lyophile form, dehydrated from the rapidly frozen state An 

* Grateful acknowledgement is made to E Francis and C M Downs who kindly sup- 
phed strams that had been isolated in Virgmia, South Carolina, the Distnct of Columbia, 
and Kansas 
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advantageous concentratioii of this serum was effected by simply 
restoring only half the water that had previously been removed ’ 
The usual mode of administration of serum was by the mtravenous 
route Many patients received it by mtramuscular mjecbon and 
most children were treated by subcutaneous mjcctions 
Serum was first admimstered m small doses that vaned from 10 
to 25 cc. per patient Later very much larger doses were given 
About 100 patients were treated before a reasonably satisfactory 
scheme of dosage could be formulated From this pomt on the 
average dose for an adult with disease of usual or average seventy 
was 30 0 cc. The indications for the use of serum were at first the 
presence of disease, of fever, and of continumg disability As ex- 
penence grew it became necessary to modify and expand the indica- 
tions for serum and the scheme of dosage, and these will be summarized 
later Patients were treated at vanous stages of the illness, from 
the first to the 25Sth days of disease This is shown graphically m 
figure 4 Ten patients who were beheved to be m the dymg state 
uhen first seen were given serum to see if moderate or large amounts 
would have any effect on the late septicemic stage of the infection 
Dosage vaned from 65 to 360 cc. of serum per patient The morbidity 
and mortality data denved from the treated group mclude all patients 
regardless of the stage of the disease at which they were treated, 
and of the kmd, amount, and mode of admmistmtion of serum that 
was given 


DUGNOSB 

The macroscopic scrum agglutination test was used for verification 
of diagnoses The rehabdity of this test in tularemia approximates 
perfection Although many thousands of cases have been studied 
in this and m other countnes there is no report of a smgle failure of 
a patient to develop serum agglutinins unless death occurred dunng 
the first two weeks of the d i sea.se. Moreover, once agglutinms have 
been acquired as a result of mfection they have not yet been found 
to disappear completely thereafter, even if tested for as long as thirty- 

Thc Mulford BiologicalLaboratorici of the Slmrptctiohmc Company kindly supplied 
anUluktensc horac serum in both the liquid and lyophile forms 
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three years after recovery The use of this one test therefore mak( 
it possible to diagnose the disease, both m its acute phase and afti 
recovery, with a degree of accuracy seldom encountered m oth( 
infectious diseases 

In its bubomc forms the disease is one of the easiest of mfectioi 
to diagnose correctly from history and physical signs alone T1 
appearance of regional buboes with diameters of three to four cent 
meters without assoaated visible lymphangitis by the fourth 1 
sixth days of a prostrating febrile disease in patients who give histon< 

TIME OF SERUM ADMINISTRATION TO THE 600 PATIENTS 


AO 



2SSth day of disease. 

of contacts with wild animals, ticks, or biting flies is very seldor 
duphcated by any other infection Only one instance of diagnosti 
difficulty with reference to these chmcal types was encountered i 
digital chancre appeared on a physician a few days after he had killei 
wild rabbits There was considerable fever, malaise, moderat 
prostration, and an unusual degree of regional lymph node enlarge 
ment He was given antitularense serum on the basis of these finding 
at a time when serum agglutimns could not have been expected fi 
have developed Tests made at that time, and subsequently, re 
mamed negative No dmical improvement followed the serur 
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adnunistration Dark field exammations revealed the mfectmg spi- 
rochetes and set the diagnosis right Since tularemia was not present 
this patient was excluded from the treated group 
The typhoidal clmical type often presented great difficulty m 
diagnosis and it was always necessary to resort to laboratory aids 
for confirmation More cases of this type would be diagnosed cor- 
rectly, and earher, if the possibQity of tularemia were home m mind 
and if diagnostic tests were apphed at once and repeated every four 
or five days, espeaally for patients with unexplamed fevers and 
atypical pneumomas that occur dunng the rabbit, squirrel, and quad 
huntmg seasons, and dunng the penods of greatest activity of ticks 
and blood suckmg flies Early and accurate diagnosis is espeaally 
desirable smce the typhoidal type has a mortahty risk four times 
that of the other types (7) and because it wiU be shown that patients 
with this type respond espeaally well to early serum treatment 
Although the serum agglutmation test is extremely rehable the 
well established knowledge that serum agglutinins never appear 
durmg the first week of disease, and occasionally may not appear 
until the third week or, rarely, untd the fourth week, made it un- 
smtable as a test for early diagnosis Nevertheless the mevitabdity 
of eventual appearance of agglutmins makes this test an ideal standard 
with which the results of other diagnostic aids can be compared 
Since the mtroduction of the bacterial suspension mtradermal 
test reaction as an aid m early diagnosis (10) information has been 
accumulated on the rehabihty of this test The tests were performed 
by mjecting mtracutaneously enough of a speaally prepared B iu- 
larcnsc suspension, usually about 0 05 cc , to make a skin wheal 5 mm 
m diameter Because of the previously determined high degree of 
spcdfiaty of the reaction, by correlation with agglutination tests, 
control tests were seldom used dunng recent years When control 
tests are desired they should be made with 0 05 ca of physiologic 
salt solution containing 0^ per cent phenol Falsely positive re- 
actions have not yet been observed, even in brucellosis patients whose 
serums cross agglutmated B lularaise A positive reaction has the 
appearance of a positive tubercuhn test and, like the latter, usually 
requires forty-eight hours for its development No dela> cd reactions, 
appeanng after the forty-eighth hour, have been noted 
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The degree of sensitivity to specific vacanes that is acquired by 
tularemia patients is often extremely high Durmg the early period 
of development of the skin test suspension a few patients were tested 
with highly diluted vacanes made m the usual ways, with heat killed 
or formaldehyde killed bacteria All of these patients suffered large, 
necrosing local reactions and many of them had hyperpyrexia with 
senous focal reactions such as rapid accumulation of serous effusions 
in the pleural cavities, rapid and extensive enlargement of pneumomc 
consolidations and, m one case, a complete diplegia at the tentli 
thoraac cord segment that lasted for seven hours in a patient who 
became comatose to semicomatose for nine hours Since it seemed 
impossible by tnals with further dilution to make these vaccines 
reliably skin reactive and at the same time incapable of provoking 
such alarming constitutional reactions it seemed necessary to resort 
to chemical methods to dimmish their reactivity A suitable vaccine 
for skin test purposes was prepared by oxidizing four pooled virulent 
strains with nitrous acid (10) This suspension gave reliable diag- 
nostic reactions of reasonable size, seldom produced necrosis, and 
very rarely provoked mild constitutional reactions Its activity 
gradually diminished over a period of about one year and therefore 
it should not be relied upon as an accurate diagnostic aid if it is more 
than one year old The experience with other types of vacanes 
justifies a warnmg that there may be danger for certain patients if 
the standard formaldehyde killed suspensions which arc made for 
use in the agglutination test are diluted and used for skin test pur- 
poses The great majority of patients showed positive reactions 
when they were tested on any day dunng the first week of illness or 
thereafter, and of 428 patients who were tested on or after the eighth 
day of disease only three failed to give positive responses to the first 
test that was made Most of these patients had had positive ag- 
glutination tests before the skm tests were made The chief ad- 
vantage claimed for the skin test is that it will usually confirm the 
diagnosis during the first week of disease when serum agglutinins 
are always absent Of 108 patients who were tested during the 
first SIX days of disease eight failed to give positive reactions to the 
first tests that were made Repetition of the tests at intervals of 
forty-eight hours m these eight patients resulted m positive skin 
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reactions before serum agglutmins appeared m every patient but 
one Patients m the dymg state did not usually react to the shn 
test The defects of the test were those of mtradennal tests m general, 
but this one appeared to be as rehable as any other If the negative 
responses to tests made during the first week of disease were followed 
by repetition of the test at forty-eight hour mtervals as often as 
necessary the accuracy of this test for early confirmation of the diag- 
nosis very closely approximated that of the agglutmation test m 
later stages of the disease 

Observations were also continued on the use of specific immime 
serum as a diagnostic mtradermal test (11) The materials used 
were anbtularense goat or horse serums and stnctly normal serums 
from these same animal speaes, all m dilution of 1 10 m phenohred 
salt solution Goat serums were found to be preferable to horse 
serums because normal goat serum seldom produced an erythematous 
reaction m the skin of normal individuals and because natural or 
artificial sensitization to goat serum protems was encountered much 
less frequently than sensitization to horse proteins The tests were 
performed by mjecting mtradermally 0 04 cc. of the diluted immune 
serum at one site and the same amount of diluted normal serum at 
another site It Is imperative that the control test be made every 
time the immune serum is used m order to exclude the possibility 
of previous serum sensitization Positive reactions appeared almost 
immediately m most cases, seldom later than the third mmute and 
never later than the sixth mmute after mjection The reaction 
consisted of two phases, an immediate areola of erythema and then 
an enlargement of the central wheal to two to three times its ongmal 
diameter A positive test consists of a reaction of this nature at 
the site of mjection of the immune serum accompamed by a complete 
ohsencc of reaction from the normal serum The reactions should 
compared and read fifteen minutes from the time the mjections 
are made The reaction is extremely dehcate and syringes that have 
once been used for immune scrum must never be used for the normal 
senun unless thq^ have been thoroughly cleaned by soaking m aad 
bichromate cleanmg solution 

Th^ test has become positive as early as eight hours after the 
•mt chill In the 108 patients who were tested durmg the first 
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SIX days of disease this test failed to become positive m eight These 
were the same eight patients who failed to show positive reactions to 
the first bactenal skin tests which were apphed simultaneously 
Repetition of the serum test brought out positive reactions at the same 
tunes that the bactenal tests became positive, with allowance made 
for the forty-eight hour difference between their appearance tunes 
In 360 patients tested by all three methods there was complete agree- 
ment between the results of the serum agglutmation test, the bactenal 
skin test, and the antiserum skm test * The antiserum test is not 
recommended for general diagnostic use until proper test and control 
serums can be made available * 

The simphfied phagocytic test devised by Huddleson and his as- 
soaates (12) for the study of brucellosis was apphed to a small number 
of tularemia patients, usmg suspensions of both killed and hvmg 
B tiilareiise Opsomns always appeared simultaneously with serum 
agglutinins, never before, and hence the test was of no value m early 
diagnosis By testmg a small number of recovered immunes it was 
noted that opsomns, like agglutimns, persisted for at least twenty years 
after recoverj^ from the disease 

Errors in early diagnosis were usually traceable to failures to ehat 
histones of exposure, to nusapprehension concermng the vanabfiity 
of the chnical aspects of the disease, or to failures to make repeated 
applications of diagnostic tests 

PATHOGENESIS, CLINICAL COURSE, AND PROGNOSIS OF THE 
UNTREATED DISEASE 

The account of the disease which follows is based upon a study 
of reported cases and necropsies, on the extensive researches conducted 
by Franas and his assoaates in the Umted States Pubhc Health 

’ Attention is directed to a report, publisbed since this papier was written, which re- 
cords a much less favorable experience wth the antiserum mtradermal test as a diagnostic 
aid See Fncdewald, W F , and Hunt, G A The Diagnosis of Tularemia Am J 
Med Sci 197, 493 (April), 1939 

* By arrangement with the Coordinating Committee of the American Pubhc Health 
Association I hav'c agreed to furnish immune serum and normal serum, also bactenal 
test suspension, to phi-sicians for diagnostic use with the imderstandmg that the results 
of all tests made n ill be returned to me for compilation and study in regard to continued 
reliabilit> of these diagnostic tests 
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Service on many aspects of the disease m man smd m animals, in- 
cluding the recent monograph on its pathology (13), and on the 
mfommtion and expenence with survivmg and necropsied fatal cases 
that I have accumulated during the past ten years 

A primary lesion usually develops at the site of moculation At 
first a small red papule, it soon enlarges and ulcerates, hberates a 
neaotic core and leaves an mdolent ulcer with raised edges, a ragged 
floor, and a punched-out appearance Most occur on the skin of 
the upper extremities, face, or in the conjunctivae, but they also 
occur m the pharyngeal cavity and in the nares They may be smgle 
or multiple In about ten per cent of cases the bacteria penetrate 
the skin without producmg a primary lesion 

There is usually an imbal bacteremia, with ongm at the site of 
primary mvasion, which commonly persists for not longer than a 
week or ten days In a few mdividuals who, like most rodents, 
have httle or no natural resistance the mibal blood stream mvasion 
IS either a septicenua from its onset or else soon becomes a septicemia 
which results m early deaths from the fourth to the eleventh or twelfth 
days of disease 

Bacteria mvade the sweat glands and also both the superficial 
and deep lymphatic vessels at the moculation site. Extension of 
mfecbon up the superfiaal lymphabcs results m the formation of 
dermal lymphangitic nodules along their courses, very similar m 
appearance to those which occur m sporotnchosis Nodular Ijnnph- 
angitB occurs m about seven per cent of the cases that develop lymph- 
ademtis at any site Invasion of the deeper Ijunphatics results m 
regional lymphademtis and bubo formation which is characteristic 
of more than lunety per cent of human cases Lymphangitic mvasion 
is not a constant feature In about eight per cent of human cases 
there occurs no bubo formation In such cases there are verj seldom 
any discoverable primary lesions 

The transitory imtial bacteremia commonly results in the formation 
of a small number of widely scattered focal necroses in the spleen, 
hver, lungs, m Ivmph nodes other than the regional nodes, and oc- 
casionally in other organs The small pulmonary foa may imtiatc 
areas of bronchopneumoma or may develop into discrete nodules 
that enlarge, become caseous, and occasionallj liquefy with resultant 
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abscess formation In some cases a heavy pulmonary disper 
produces difiuse miliary focal necroses which simulate the appearj 
of pulmonar)'' miliary tuberculosis The development of the 
casional focal lesions m other tissues proceeds similarly In sum-' 
cases healmg occurs with scar formation In patients who have < 
of causes other than tularemia the abdommal lymph nodes i 
contain hquid pus as late as a month after the onset of disease 
antibodies appear m the blood the bacteremia disappears m survii 
pafaents and from this stage onwards there is probably no forma 
of fresh lesions except by lymphatic extensions Smce most dei 
occur at a later stage, and smce there is cultural and necropsy evidt 
of a septicemia for five or six days pnor to death, it is necessan 
postulate a second blood stream mvasion to account for the necro 
findings m the great majonty of fatal cases This second bactere 
seems to be mvanably a fatal septicemia with ongm m any of 
previously established lymphogenous or hematogenous foa of necrc 
by ulceration of blood vessel walls or by lymphatic access to 
blood circulation It results m the production of myriads of mih 
and submihary foa of neaosis, chiefly m the spleen, hver, lui 
lymph nodes, and serosae, and to a lesser extent m the mtestr 
suprarenal glands, kidneys, meninges, bram and other organs A 
mihaiy tuberculosis, the bactenal dispersion may be through b 
the pulmonary and the aortic circulations or it may be largely hnu 
to ather circmt 

The incubation penod vanes from one to ten days but is usu! 
two to five dai's Prodromal symptoms are rare and extremely 
patients cxpenence a feehng of general uneasmess, vague gas 
disturbance, shght vertigo, or mild localized pams at the sites 
future development of primary lesions or of buboes prior to the abr 
onset 

The onset is characteristically sudden, with headache, fever, ch 
ness, chills, profuse sweats, aching bodily pains, nausea, vomiti 
and marked prostration Diarrhea and cohcky pains may oc 
at the onset The primary lesions and enlarged lymph nodes 
usually present withm forty-aght hours from the onset, and n 
be contempioraneous with it "Snsible Ijmphangitic streaks oc 
only when there has been secondary infection of a primary lesi 
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Regional nodes are involved first and are often the only ones to be 
visibly enlarged The combination of a umlateral primary lesion 
with bilateral buboes is not uncommon Nodular lymphangitis 
usually appears on the upper extremities Nodules are usually mul- 
tiple, their numbers rangmg from two to thirty The primary lesions 
heal very slowly with scar formation Their average duration m 455 
cases was thirty-rune da 3 fs 

Cough IS frequently an early and transient symptom It usually 
disappears by the end of the second week Although roentgenologic 
studies (14, 15, 16) mdicate that minor degrees of bronchopulmonary 
change occur m mnety per cent of aU cases only about eighteen per 
cent of patients develop pneumomc lesions large enough to be dis- 
covered b}’ physical signs or to be chnically significant Broncho- 
pneumonic consohdations may be sohtary or multiple, unilateral or 
bilateral, and with or without accompanymg pleunsy which may be 
dry or accompanied by effusion Consohdations may develop m 
any lobe but they appear most frequently m the hilar regions with 
extension mto the lower lobes By extension or confluence they may 
produce the physical signs of a lobar distribution Pneumoma is 
regarded more as an mtcgral part of the disease than as a comphea- 
tion Pleurisy may occur without detectable underlying pneumoma 
b} either physical or roentgenologic exammations 

Fever is always present and usually reaches a level of 39 to 40®C 
(102 2 to 104°F ) There is usually an mitial nse, a remission, and 
a secondary nse The imbal nse commonly lasts from one to four 
days Then occurs a penod of remission which may last from one 
to five days, followed by a secondary nse to the imbal height which 
persists for one to two weeks, after which there is a gradual dechne 
to normal The entire febrile penod usually lasts from two to four 
weeks The febrile remission is accompamed by an amehorabon 
of all sjunploms which leads many to antiapate a prompt recovery, 
but the symptoms return with the secondary nse of temperature 
In the presence of persisting pneumomc lesions, of suppuratmg Ijunph 
nodes, or of vanous complications there may be continuation of 
fever for several additional weeks or even for months In 495 cases 
the average duration of fever was thirty-one days The feAer is 
characteristically of the daily remittent, or "sepUe” type, with wide 
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fluctuations Wlien septicemia occurs the fever usually becomes 
non remittent at a high level This change may occur over a twentj^- 
four hour penod but often it occurs quite abruptly with the advent 
of the septicemia 

In addition to the change m the character of the fever curve the 
onset of septicenua is usually marked by the coinadent appearance 
of delirium, confusion, or stupor, with rapid development to a senu- 
comatose condition These earhest changes are soon followed by 
progressive enlargement of the spleen and hver, often with mcreasmg 
jaundice, deepenmg coma and signs of memngeal or focal cerebral 
lesions, the development of new pneumomc lesions or the confluence 
of preexistmg ones, or the appearance of the physical findmgs which 
are usually assoaated with pulmonary miliary tuberculosis, tym- 
panites, abdominal pams and diarrhea, the unnary findmgs of acute 
nephritis or of mtense acute nephrosis, and signs of progressive m- 
volvement of the pleurae, pencardium and pentoneum Weakness, 
loss of weight, and recurrmg chills and sweats are charactenstic of 
the active stage of the disease Cases that are mild throughout the 
entire course are seldom seen In about half of all patients, however, 
the symptoms that return concurrently with the secondary nse m 
temperature are milder than those which occurred at the onset, and 
these mdividuals are bed-ridden for only a week or two and soon be- 
come ambulatory A rare mdividual may contmue to work through- 
out the entire course of the illness Inapparent or subchmcal 
tularemic infections have never been discovered 

The most frequent comphcation is suppuration of the buboes 
which occurs m more than half of aU cases and most frequently durmg 
the first five months from onset The frequency of suppuration of 
tlie dermal lymphangitic nodules is about the same, perhaps shghtl)'’ 
greater, than the suppuration frequency of lymph nodes An unusual 
feature of the disease is reenlargement of lymph nodes after they have 
receded to normal dimensions Secondaiy^ enlargement of nodes 
has been observ^ed from the third month to the thu-d year after ap- 
parently complete recover)^ At least sixty per cent of the late re- 
current adenopathies progress to suppuration The pus of those that 
break down after the sixth month of disease is always sterile as judged 
by cultures and animal moculations, and it contams numerous giant 
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cells of the foragn body type The pus of nodes that suppurate 
dunng the first five months of disease usually contains viable B lu- 
larense Secondary infection of pnmarv lesions frequently results 
in contmuous or mtermittcnt suppurative processes that persist for 
weeks or months 

The consequences of tularemic pneumoma arc resolution or or- 
gamzation of the exudate, pulmonary abscess, empvcma, extensive 
pulmonary and pleural fibrosis, and bronchiectasis Pericarditis, 
hepatitis, ententis, memngitis, encephahtis, and thrombophlebitis 
have been observed Less frequent comphcations are appendiatis, 
and general pentomtis with asates Witli the exception of pen- 
carditis, patients who had normal hearts at the tune infection was 
acquued have not had comphcations or sequelae referable to the 
heart However, m the presence of pre-existmg rheumatic or vascular 
heart disease attacks of angma pectons, coronarj occlusions, and 
transient penods of complete heart block, have occurred, sometimes 
during the acUve febrile stage of the infection but more frequently 
dunng early convalescence Subacute bacterial endocarditis due to 
the usual strcptococa has occurred infrequently as a comadent 
infection Endocarditis due to B luJarcTue has not yet been dem- 
onstrated 

Relapses or recrudescences have occurred from eight months to 
two years after the onset Although most have been sohtary and 
of bnef duration, mstances of repeated relapses have been recorded 
(17) The frequency of occurrence of relapse is not known, but 
it IS probably low An apparently uncommon but exceedingly dis- 
abhng sequel is the persistence of the infection in a chrome progrcssii e 
form Little is known at present concerning its frequency of oc- 
currence, pathogenesis, duration, or outcome In rare cases sjmp- 
toms have been practically continuous, more frequently the condiPon 
IS that of persistently recumng relapses, each marked bj fever, sweats 
malaise, profound weakness, and mental depression Painful tender 
enlargements of Ijunph nodes may appear at the onset of each relapse 
but this IS not a constant feature 
The prognosis in regard to sumval in untreated casts is "ood 
Although man is very susceptible most paPents show a high degree 
of natural resistance to the mfccUon, and the case fataht} ra^ i 
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probably not above six per cent The supervention of septicemia 
significantly alters the prognosis There is no record of survival of 
an untreated patient who had tularemic septicemia, and hfe seldom 
persists for more than six days after its onset The prognosis is 
less favorable if pneumoma is present, espeaaUy if the consolidated 
areas are large, and it becomes w^orse if dehnum and confusion super- 
vene The mortahty risk of the t)T)hoidal type is four tunes greater 
than that of the other chnical types The prognosis is bad for patients 
with rheumatic or coronary disease Most deaths occur at the be- 
ginmng of the third week of disease, and they occur most frequently 
as a result of septicemia, much less frequently from toxemia and 
heart failure 

Although the duration of disease vanes from a week to fifteen 
months, m most cases it lasts about four months Successive sup- 
puration of l3Tnph nodes is the most frequent cause of protracted 
lUness Other common causes for prolongation of disease are pro- 
gressive or migrator}'^ pneumomc lesions and then sequelae, and the 
persistence of infection m the serous cavities Convalescence is 
usually slow It is rare for a patient to be at work again at the end 
of a month Usually the second month is spent Ijnng about the 
house owmg to weakness on exertion, and dunng the thnd month 
only half-time work is performed Recovery from attack confers 
a permanent rmmumty 

Seasonal madence of human cases results from seasonal vanation 
m the three chief sources of infection, the handhng of wdd rabbits, 
the activity of bitmg flies, and the feedmg penods of ticks East 
of the Mississippi nver, or wherever State game laws protect rabbits 
for the greater part of the year, the great majonty of cases occurs 
dunng the huntmg season, usually m November and December In 
the West, where the jack rabbit is unprotected, cases acquired from 
the rabbit occur throughout the year The period of greatest activity 
of bitmg flies is from June to September, and m regions where the 
fly IS an important vector there is a high madence of cases dunng 
the summer months In the Northwest tick-bome infections occur 
from March to August, the penod of greatest activity of the Rocky 
!Mountam and Western wood ticks In the southern and eastern 
States tick-bome infections occur from January to October, mostly 
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from April to the end of July, the period of greatest activity of the 
common dog tick or wood tick. Due to overlappmg and variation 
m these influences cases occur m the Umted States m every month 
of the year 

Annual prevalence in any one geographic region vanes from year 
to year There is a positive correlation between the number of human 
cases m a given locahty and the regional prevalence of the infection 
m animal hosts and m arthropod or insect vectors for that year 
The nature of the onset with respect to certam predommant early 
symptoms may also vary from year to year For example, m 1933 
and 1934 the great majonty of patients m the Cmcmnati region had 
bronchitis at the onset, and cough was a promment early symptom 
In 1936 about one third of all patients had onsets characterized by 
abdommal pam, nausea, vomitmg, and diarrhea Cough was then 
an infrequent complamt and bronchitic rales were seldom noted 
Pnor to this year uutial abdommal symptoms had been infrequent, 
the record showmg only sixteen such cases m about 450 patients 
recorded durmg the previous file years In the fall of 1936 there 
occurred a large endemic outbreak in the Cmcmnati region with 
about 140 cases m the six week penod between November 15 and 
December 31 Similar mcreases over the usual annual number of 
cases were noted that year as far north as Dayton, Ohio, and m south- 
eastern Indiana and northern Kentucky In the entire regional 
outbreak early abdommal symptoms occurred with unusual fre- 
quency Tympamtes with great abdominal distension was common, 
and pam was often very severe These patients were profoundly 
mtoxicated and their suffermg was much greater than that usuaUj 
experienced m the mitial acute phase Since most of these patients 
had the usual ulceroglandular dmical type with primary lesions 
on the hands it seemed most unlikely that this unusual tiqie of onset 
eould have been due to the ingestion of infected food msuffiaently 
cooked 


THE SERUM TREATED GROUP 

Epjdcmtohgy 

With few exceptions the sources of infection and modes of trans- 
mission did not differ from those already well established by others 
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Since most cases occurred east of the hlississippi nver the great 
majority resulted from contact with wild rabbits Three cases ap- 
parently occurred as a result of dressing domestic chickens In each 
mstance every other possible source of infection was carefully ex- 
cluded, and in each case the ongm of the fowl was traced to rural or 
subrural poultr)”^ farms where wild rabbits were abundant® It is 
well known that the rabbit tick, E lepons-palustns, which is chiefly 
responsible for the perpetuation of the disease m the rabbit popula- 
tion, will accept gaUmaceous birds as hosts The initial presumption 
was that the chickens might have acquired the infection from infected 
rabbit ticks Poultry dealers frequently sell wild rabbits m season 
Hands contammated by dressing rabbits may transfer bacteria me- 
chamcally to fowl as they are dressed Another possible mode of 
transfer, that of feeding chickens chopped rabbit meat or viscera, was 
excluded in two instances but not m the third It seems possible 
that wherever wild rabbits have ready access to poultry runs there 
is some danger of the transmission of the disease from poultry to 
man Whenever butchers handle both fowl and rabbits the danger 
of fowl transmitted disease will be present 

A boy mcluded in this senes acquired the disease by handling a 
quiver made from rabbit skms The rabbits had been shot and 
skmned by his father and the skms had been kept in a drawer for 
about three months before the bow and arrow interest developed 
The mother who helped cut and sew the skins also acquired tularemia 
but was not treated mth serum Primary lesions appeared on the 
fingers of both mother and son There were no fly or tick contacts, 
and no other rabbit or rodent contacts Each patient was febrile 
for tv\'entjf-nme days, and the boy developed a small area of broncho- 
pneumonia Hence there was no apparent diminution in virulence 
of the infecting strain Cases acquired by handhng pelts long removed 
from animals have been reported from Russia, and Klmazersky and 
Berdnikov showed by anunal inoculation experiments that pelts 

‘ Since tins mode of transmission is unusual and possibly neu it should be added that 
a fourth patient, not treated u ith scrum and included in the control group, also contracted 
the disease from a chicken This paUcnt, with the tj^ihoidal clinical tj-pe, uas observed 
bj C J Fniro and r K Harder She was a cardiac invalid and had had no rabbit, fly, 
or tick contacts Here also, the source of the chicken was traced to a rural poultry farm 
that w as o\ errun by wald rabbits 
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removed from infected rmce and gumea pigs harboured virulent 
B lularense for forty-five days at room temperatures and for at least 
SIX days at 32 to (18) This is apparently a rare mode of trans- 
mission m this country* 

Direct man to man transmission continues to be rare despite fre- 
quent exposures from dressing primary lesions and mased buboes 
and from the performance of paracenteses, and m spite of the well 
established fact that B ivlarcnse can penetrate the normal unbroken 
skm with great rapidity This group furnished an additional ex- 
ample, patients of P A Murr, of Gabon, Ohio A woman acquired 
the infection by penetration of her right hand with a sliver of rabbit 
bone Her husband had had no contact with this rabbit On the 
eleventh day of disease he dressed the ivound on her hand and fell 
dl two days later with oculoglandular tulareima ’ The sources of 
mfection for the patients m the treated group are shown m table 1 

Incubaiton Period 

Smgle exposures permitted determmation of mcubation periods 
for 531 patients These are shown m table 2 The only unusual 
feature is the large proportion of one day penods, mduding three 
of less than twelve hours duration 

Clmtcal Types 

Table 3 shows the distnbution of the 600 cases accordmg to rlinirnl 
tjqies, also the number of patients with pneumonia and the tj'pc 
pneumoraa rates The pneumonia rates for the three bubonic tj^ies 
were greatly exceeded by the pneumonia rate for the typhoidal type 
Only four patients presented any difficulty m classification accordmg 

• Through tile courtesy o£ A D Erchait and T B Rice of Indiana, I have learned of a 
human case acquired by the bite of a snapping turUc. The source of contamination of 
the mouth parts of the turtle Is conjectural, possibly the viscera or carcass of an mfected 
rabbit left lying on the ground I have not been able to find evidence that turtles or 
tortoises arc susceptible to the disease 

* Circumstantial esndcncc mdicates another instance in the case of a physician who 
performed a thoracentesis on a young man with proven tularemia who had an eitensnx 
pnenmonla and a large pleural effusion Upon withdrawal of the needle two small drops 
of pleural Hold fell on one finger and were prompUy washed off Two days later the 
physician had a chill and high fever No pnmary lesion developed. Pneumonia was 
present by the fourth day of disease and it rapidiy assumed a lobar distribution Death 
occurred on the tenth day of disease without venation of the etiology of the pneumonia. 
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Since most cases occurred east of the Mississippi river the gr^ 
majonty resulted from contact with wild rabbits Three cases 
parently occurred as a result of dressmg domestic chickens In 
mstance every other possible source of infection was carefu^ 
eluded, and m each case the ongin of the fowl was traced to i 
subrural poultry farms where wild rabbits were abundant 
well known that the rabbit tick, H Icpons-palustrts, which 
responsible for the perpetuation of the disease m the rabb 
tion, will accept gallinaceous birds as hosts The mitial p 
was that the chickens might have acquired the infection fj 
rabbit ticks Poultry dealers frequently seU wild rabb’ 

Hands contaminated by dressmg rabbits may transfe; 
chanically to fowl as they are dressed Another pc 
transfer, that of feeding chickens chopped rabbit mea' 
excluded in two instances but not m the third I 
that wherever wild rabbits have ready access to p’ 

IS some danger of the transmission of the disease 
man Whenever butchers handle both fowl and r 
of fowl transmitted disease wll be present 

A boy mcluded m this series acquired the disc 
quiver made from rabbit skms The rabbits h 
skinned by his father and the skms had been kc 
about three months before the bow^ and arrow j . 


The mother who helped cut and sew the skins also t 
but w^as not treated wath serum Primary lesion'’^ 
fingers of both mother and son There were no fly 
and no other rabbit or rodent contacts Each pa. 
for tw'enty-nme days, and the boy developed a small r 


pneumonia Hence there was no apparent dimmutit 
of the infecting strain Cases acquired by handhng pelt 
from animals have been reported from Russia, and Ki 
Berdnikov showed by animal inoculation expenmenl 

‘ Since tins mode of tnnsmission is unusual and possibly new it shoult 
1 fourtli patient, not treated ith serum and included in the control group, 
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showed that there was always secondary infection with pyogemc 
coca, usually streptococa or staphylococa Good evidences for 
the enstence of an invisible lymphangitis m uncomphcated infections 
were the scarred, shortened lymph channels that appeared early m 

TABLE 2 


Incubation feriodi of 531 patients with solitary exposures 


SAYt 

xmon or PAimm 

1 

, 75* 

2 

110 

3 

ISO 

4 

100 

5 

44 

6 

20 

7 

19 

8 

3 

9 

3 

10 

3 

11 

2 

12 

1 

13 

1 

Averaje 3 30 


Mode 3 44 



* Indndes three of leis than 12 bouie 


TABLE 3 


The incidence of the four dinical types and the frequency of pneumonia in the 600 cases 


dmrCALTTFE 

Mousn 
or CAAtS 

TUajuurct 

mruBca 
or CAttlirTTB 
nrEtTvoifiA 

1 

1 nrruMOinA 

1 ratQTjiKCT 

Ulctro-^andular 

525 

ftr ttnl 

87 5 

80 

15 2 

Glanduliir 

18 

3 0 

2 

11 1 

^^cul‘>*glAndolar 

11 

1 8 

1 

9 1 

Typholdal 

46 


24 

52 2 

Total 

600 

SB 

107 

17 8 


convalescence These tough thread like scars always extended from 
near a primary lesion to the center of a regional lymph node Many 
extended from the wnst to the deep axillary nodes and became very 
promment if the arm was elevated 
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to the method of Francis All had primary lesions but smce none 
developed adenopathies at any time I could not classify them as 
ulceroglandular Except for the primary lesions they had the ap- 
pearance and dmical courses of patients with the typhoidal type, 
and they were finally so classified 

Summary of Chntcal Ohservattons 

In about two thirds of the patients with the ulceroglandular type 
the primary lesions appeared before attention was drawn to adenop- 
athies, m the other third the buboes appeared first In the oculo- 

TABLE 1 

Sources of tnfeclton for ihe 600 acute cases 


Rabbits 519 

Squirrels 10 

TzcL bite 6 

Cat bite or scratch 5 

Chicken 3 

Quail 2 

Opossum 1 

Deer fly bite 1 

Pheasant 1 

Grouse 1 

Skunk 1 

Hunting Coat 1 

Dressing pnmaiy lesion 1 

Laboratory work 1 

Rabbit skins 1 

Unspecified 46 


glandular cases conjunctivitis was always present before the regional 
nodes began to enlarge Buboes occurred m 554 patients, an madence 
of approximately 92 per cent There were combmed ulceroglandular 
and oculoglandular t)y)es of infection m four patients Nodular 
IjTuphangitis was seen m 45 patients, an mcidence of 7 5 per cent 
The largest number foimd on one patient was twenty-five, the average 
was five 

The lymphangitis caused by B UUareiise infection alone was never 
\asible to the e}’’e WTienever inflamed lymphangitic streaks were 
seen m local cases cultures and smears from the ulcerated lesions 
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showed that there was always secondary infection with pyogenic 
coca, usually streptococa or ataphylococa Good evidences for 
the existence of an invisible lymphangitis m uncomphcated infections 
were the scarred, shortened lymph channels that appeared early m 

TABLE 2 


Incubaitcn periods of 531 pattenis mth soltiary exposures 


DAT! 

)nncBnoT pahstts 

1 

, 75* 

2 

no 

3 

ISO 

4 

100 

5 

44 

6 

20 

7 

19 

8 

3 

9 

3 

10 

3 

11 

2 

12 

1 

13 

1 

Average 3 30 


Mode 3 44 



* Includes three of less th&n 12 hours 


TABLE 3 


The incidence of Ike four dtntcol types and the frequency of pneumonia tn the 600 cases 


auncATTm; 

inmca 

or CAtES 

TUQUIKCT 

xomEx 

orcAsuwm 

nreuiioifiA 

nCEOlCOVIA 

TUQCmCt 

Ulccro-^andular 

525 

ter mU 

87 5 

SO 

p*T ettU 

15 2 

Glandular 

18 

3 0 

2 

11 1 

Oculo*glanHn]fir 

11 

1 8 

1 

9 1 

Typholdal | 

4fi 

7 7 

24 

52 2 

Total 

600 


107 

17 8 


convalescence These tough thread-like scars always extended from 
near a primary lesion to the center of a regional lymph node Many 
extended from the wrist to the deep axillary nodes and became verj 
promment if the arm was elevated 
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An exanthem was noted m 120 patients, an inadence of 20 percent 
Most consisted of small papular or papulovesicular lesions, and the 
chief areas mvolved m order of frequency were back of neck, upper 
back and shoulders, extensor surfaces of arms and forearms, face, 
upper part of chest, extensor surfaces of legs, and abdomen Three 
patients had very large compound lesions like those of erythema 
multiforme No feature of the exanthem is diagnostic of the disease 
and it IS usually regarded as a toxic eruption (19) However, I re- 
covered a pure culture of B tnlarense from the heart blood of a gumea 
pig that had been moculated with vesicle fluid from one of these 
patients with a vesiculopustular eruption on the hands At least 
some of the skin lesions are therefore true specific exanthemata 

Although not previously recorded for this disease, six patients had 
the typical lesions of erythema nodosum They were never sohtary, 
each patient who had them showed from four to twenty lesions 
Their appearance, size, development, and evolution were m all ways 
identical with those which occur in acute rheumatic fever or m tuber- 
culosis None of these patients had clmical or histoncal evidences 
of either tuberculosis or rheumatic fever and it seemed difficult to 
account for the lesions except on a basis of tularemic etiology They 
did not appear dunng the early, antigenic phase of the infection 
unless serum treatment had been given durmg the first week of disease 
Most appeared at the end of the second week of disease which marks 
the beginning of the antibody phase of the infection These observa- 
tions support the hjqxithesis that erythema nodosum is a locahzed 
antigen-antibody reaction due to the lodgment of the mfectmg agent 
m the skin at a time when homologous antibodies are present m low 
but mcreasmg concentration 

Multiple primary lesions frequently resulted from the mitial contact 
with infectious matenal Primary lesions on the mterdigital sur- 
faces spread by contact transfer to the adjacent digits m fifteen pa- 
tients One man with a primary lesion on the thumb implanted 
anotlier one on the shaft of the penis 

In addition to the oculoglandular cases mucosal primary lesions 
V ere obsers’^ed m eleven patients In five both tonsils were mvolved, 
in two others, one tonsil each, also one each on the uvula, postenor 
pharjmgeal waU, base of tongue, antenor fauaal pfilar, soft palate, 
and the mucosal edge of one nostril 
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Retropharyngeal abscesses developed m two patients, m the third 
and tenth weeks of disease, respectively Each one ruptured spon- 
taneously and healed without residual abscess formation The one 
observed m the Cincinnati General Hospital contamed about an ounce 
(30 0 cc.) of pus The rupture occurred durmg a throat exammation 
to detenrune the cause of dysphagia The other one was described 
to me and was apparently larger It seems odd that these lymphatic 
structures were not mvolved more frequently smce tularemia is 
characteristically a disease of the fixed Ijmphabc tissues 
Pregnancy was a comphcabon m seven patients Six women 
acquired the disease dunng pregnanaes of 3, 4J, S, 7i, 8, and 8 months 
duration, respectively There were no untoward occurrences and 
aU SIX were dehvered of full term, healthy infants Another woman 
became pregnant dunng the third month of tulareima and aborted 
at the sixth month of gestation, but with no apparent relation to the 
then completely quiescent mfeebon The coexistence of pregnancy 
seemed not to alter the course of the disease or the prognosis In 
one mstance in which I was able to obtam maternal and cord bloods 
at dehvery the scrums from each agglubnated B tulareiise in exactly 
the same dilutions, completely at 1 320 and parbahy at 1 640 
Alhurmnuna to shght or moderate degrees was commonly observed 
dunng the febrile imbal acute phase Only two pabents showed 
urinary evidences of kidney changes beyond this degree One, with 
normal unne at the onset, developed heavy alburmnuna without 
casts or cells early in the third week of illness and died on the thirty- 
sixth day of disease The unne boiled sohd dunng the last ten days 
The other developed the unnary signs of an acute nephnbs dunng the 
third week, heavy clouds of albumen, and casts, red and white cells 
in abundance 

Memngibs occurred m two pabents In each it appeared as a 
late manifestabon of the tcrrmnal sepbcemic phase of the disease 
One case has been reported m detail (20) 

Encephahbs occurred early in the disease m only one pabent who 
was exbcmcly ill with pneumoma, pleurisy with effusion, pcncarditis, 
femoral thrombophlebitis, and two episodes of acute cardiectosis 
with exbcme tachycardia The encephahtic symptoms appeared on 
the eighth day of disease, headache, somnolence, stupor, lateral 
''>*tagmu3 wtli rapid component to the nght, and markedly h)^!© 
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An exanthem was noted m 120 patients, an madence of 20 percent 
Most consisted of small papular or papulovesicular lesions, and the 
chief areas mvolved m order of frequency were back of neck, upper 
back and shoulders, extensor surfaces of arms and forearms, face, 
upper part of chest, extensor surfaces of legs, and abdomen Three 
patients had very large compound lesions like those of erythema 
multiforme No feature of the exanthem is diagnostic of the disease 
and it IS usually regarded as a toxic eruption (19) However, I re- 
covered a pure culture of B tularense from the heart blood of a guinea 
pig that had been inoculated with vesicle flmd from one of these 
patients with a vesiculopustular eruption on the hands At least 
some of the skin lesions are therefore true specific exanthemata 

Although not previously recorded for this disease, six patients had 
the typical lesions of erythema nodosum They were never sohtary, 
each patient who had them showed from four to twenty lesions 
Their appearance, size, development, and evolution were m all ways 
identical with those which occur m acute rheumatic fever or m tuber- 
culosis None of these patients had chnical or histoncal evidences 
of either tuberculosis or rheumatic fever and it seemed difficult to 
account for the lesions except on a basis of tularermc etiology They 
did not appear durmg the early, antigenic phase of the infection 
unless serum treatment had been given durmg the first week of disease 
Most appeared at the end of the second week of disease which marks 
the beginnmg of the antibody phase of the infection These observa- 
tions support the h}’pothesis that er>'thema nodosum is a localized 
antigen-antibody reaction due to the lodgment of the mfectmg agent 
in the skm at a tune when homologous antibodies are present m low 
but increasmg concentration 

Multiple primary lesions frequently resulted from the imtial contact 
with infectious matenal Pnmar}'- lesions on the mterdigital sur- 
faces spread by contact transfer to the adjacent digits m fifteen pa- 
tients One man with a pnmar)’’ lesion on the thumb implanted 
another one on the shaft of the penis 

In addition to the oculoglandular cases mucosal pnmary lesions 
were observed m eleven patients In five both tonsils were mvolved, 
m two others, one tonsil each, also one each on the uvula, postenor 
pharjmgeal wall, base of tongue, antenor faucial pillar, soft palate, 
and the mucosal edge of one nostnl 
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Retropharjmgeal abscesses developed m two patients, m the third 
and tenth weeks of disease, respectively Each one ruptured spon 
taneously and healed without residual abscess formation The one 
observed m the Cmcmnati General Hospital contained about an ounce 
(30 0 cc) of pus The rupture occurred durmg a throat exammation 
to detemune the cause of dysphagia The other one was described 
to me and was apparently larger It seems odd that these lymphatic 
structures were not mvolved more frequently smee tularenua is 
characteristically a disease of the fixed lymphatic tissues 
Pregnancy was a comphcation m seven patients Six women 
acquired the disease durmg pregnancies of 3, 4J, 5, 7J, 8, and 8 months 
duration, respectively There were no untoward occurrences and 
all SIX were dehvered of full term, healthy infants Another woman 
became pregnant durmg the thud month of tularemia and aborted 
at the sixth month of gestation, but with no apparent relation to the 
then completely quiescent mfection The coexistence of pregnancy 
seemed not to alter the course of the disease or the prognosis In 
one instance m which I was able to obtam maternal and cord bloods 
at dehvery the serums from each agglutmated B tularensc m exactly 
the same dilutions, completely at 1 320 and partially at 1 640 
Albummuna to shght or moderate degrees was commonly observed 
dunng the febrile imtial acute phase Only two patients showed 
unnary evidences of kidney changes beyond this degree One, with 
normal urme at the onset, developed heavy albummuna without 
casts or cells early in the third week of illness and ched on the thirty- 
sixth day of disease The urme boiled sobd durmg the last ten days 
The other developed the urmary signs of an acute nephntis dunng the 
third week, hca\'y clouds of albumen, and casts, red and white cells 
in abundance 

Mcnmgitis occurred m two patients In each it appeared as a 
late mamfestation of the terminal septicemic phase of the disease 
One case has been reported m detad (20) 

Encephahtis occurred early in the disease m only one patient who 
^ extremely ill with pneumoma, pleurisy with effusion, pcncarditis 
femoral thrombophlebitis, and two episodes of acute cardiectasis 
^th extreme tachycardia The cncephahUc symptoms appeared on 
the eighth day of disease, headache, somnolence, stupor, lateral 
histagmus with rapid component to the nght, and markedlj hypo- 
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active superfiaal and tendon reflexes on the nght side The spinal 
fluid pressure was greatly increased Encephahtic symptoms were 
occasionally noted m other patients but only in the dymg state and 
usually for only a few days before death occurred 

The record of bronchitis is not complete and the inadence of this 
comphcation cannot therefore be given My recollection is that well 
over one hundred patients seen locally had onsets assoaated with 
cough and bronchial rales, but the records reveal only fifty-two m- 
stances Of these, twenty had pulmonary consohdations Cough 
with bronchial rales was often present for only a few days at the onset, 
and it failed to be noticed or recorded when other more str ikin g symp- 
toms overshadowed, and also when patients were first seen subsequent 
to the second week of disease 

Pleurisy occurred m fifty-six patients, and effusions were present 
m eighteen Underl3mg pulmonary consohdations were demon- 
strated by physical signs or roentgenograms, or both, m forty-five 
cases If the x-ray had been used routinely it is possible that the 
number of discovered pneumomc areas would have been larger 
Three patients with pleural pam, mtercostal tenderness, and faction 
rubs had no demonstrable areas of pneumoma by repeated x-ray 
exanunations 

Pneumomc consohdations were foimd m 107 patients Smce chest 
films were not made routmely the observed madence of pneumoma, 
17 8 per cent, is probably a conservative figure although it is m good 
agreement with the 20 per cent madence noted by Blackford m his 
study of 35 unselected cases with repeated chest films (15, 16) 
Twenty of the 107 patients had extensive bilateral consohdations 
Five of these had large pleural effusions that required tappmg and 
one developed three pulmonary abscesses The remainder had either 
sohtary areas or multiple unilateral areas of consolidation Although 
pneumonic areas occurred m any lobe they were noted most frequently 
m the hilar regions, extendmg downward into the lower lobes Smce 
the seasonal madence of tularemia comades frequently with a seasonal 
maease m pneumonia due to other causes there exists a possibihty 
for diagnostic error m regard to the etiology of the pneumonias Only 
a few patients were studied carefully^ to discover other possible m- 
fectmg agents Repeated exanunations of sputum from six patients 
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showed a complete absence of Gram positive coca m five, and a type 
XIX pneumococcus m one This patient had a respiratory mfection 
at the time she acquired tularemia Although still ill she had gotten 
out of bed to prepare a meal which included wild rabbit. Miao- 
scopic exammations of sections of lung removed at necropsy showed 
organizmg lobular pneumoma m some areas and lesions typical of 
tnlareima m other areas By animal moculation a pure culture of 
B fidarenre was obtamed from the lung at necropsy If more patients 
had been studied as carefully as this one it is possible that additional 
examples of mixed pulmonary infections tmght have been found 
One patient with tularemia and pneumoma suffered an attack of 
herpes zoster of the thorax over the consohdated area 
Enlarged mediastinal lymph nodes were noted m seven patients 
with pneumoma and m two patients without pneumoma They were 
entirely asymptomatic and were discovered only by x-ray films 
Smce X rays were not taken routmely the frequency of occurrence 
of mediastmal lymphademtis could not be detenmned 
Thrombophlebitis occurred m seven patients The cephahc veins 
were occluded m two patients, the left femoral veins m four, and 
both femoral vems m the seventh This infrequent comphcabon 
occurred only m the most seriously ill patients, those with pneumoma, 
pericarditis or pleurisy, or a combmaUon of these lesions Although 
It occurred most frequently m the large vans no instance of embolism 
was noted Death by embolism has been recorded m the hterature 
only once (21) 

Pentomtis with asatcs was noted m three patients, and from one 
ot these B lularense was recovered by direct culture of the asatic 
fluid In one case the development and progress of the abdommal 
symptoms were similar to those of the case reported by Fulmer and 
Kilbury (22) In another patient signs of hepatitis, deep jaundice 
associated with a painful and tender enlargement of the hver, preceded 
*bc appearance of the asates The thud case will be descnbed later 
bi relation to the effects of serum treatment Hepatitis without 
usates was observed m three other patients Perisplenitis was recog- 
®U!ed in two patients by the enlarged, tender, pamful spleens and 
|mnsicnt audible fnction rubs One of these patients had three severe, 
net attacks of splemc pam, on the seventh, fifteenth, and twenty- 
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fourth days of disease, respectively A woman with the typhoidal 
type suffered from a painful swelling in the region of the nght ovary 
It was not possible to tell whether the mass was the ovary or an en- 
larged pelvic lymph node In a man who acquired the disease from 
a tick bite on the left leg a large mass the size of a small grapefnut, 
which probably ongmated m an ihac lymph node, appeared m the 
left ffiac fossa 

Bursitis was seen only once, m an olecranon bursa On two oc- 
casions B kdarense was recovered from the bursa fluid This case 
has been reported (17) An unusual feature was the occurrence 
of transient heart block with complete auncular-ventncular dis- 
soaation dunng convalescence Two attacks of angmal pam preceded 
the dmical and electrocardiographic signs of auncular-ventricular 
dissoaation This man continued to have occasional attacks of 
angmal pain for many months after recovery from the mfection 
Death occurred from a coronary occlusion twenty-seven months after 
his first attack of pain, m the thirty-fifth month from the onset of 
tularerma 

Complete heart block occurred m another patient, a woman of 
forty-one, on the thirteenth day of disease Three days later she 
developed the typical symptoms and signs of a coronary occlusion 
which necessitated oxygen admimstration for three days Incomplete 
heart block was seen in another patient, a man of thirty-four 
Throughout the prolonged severe mitial phase of the disease, com- 
phcated by pneumoma, pleunsy with effusion, and mediastimtis, he 
had an inflexible tachycardia which persisted for one 3’-ear after re- 
covery Late m convalescence, two months after discharge from the 
hospital, he had an attack of severe precordial pam Electrocardio- 
graphic tracmgs showed partial heart block and signs of coronary 
disease Later he was found to have a difference of 30 mm of mer- 
cury between the systolic pressures of his nght and left brachial ar- 
tenes which persisted for six months, possibly due to enlargement 
of the mediastmal lymph nodes 

Pencarditis, with early pain and faction rub followed by an effusion, 
was noted only once, m a patient who had previously shown the 
sjTuptoms and signs of a mediastinal pleunsy Endocarditis due to 
B iularcitsc was not observed 
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late recurrent adenopathies appeared in 18 patients, an madence 
of shghtly more than 3 per cent. In 13 cases they suppurated, an 
madence of suppuration of 72 per cent. The stages of disease at 
which these recurrent nodal swelhngs occurred are shown m table 4 
The frequenaes of occurrence and of suppuration did not differ from 
those observed for untreated cases Smce the pus from hquefied 
late recurrent adenopathies was always stenie and usually contamed 
foragri body giant cells, mdications that these abscesses are usually 

TABLE 4 


Tiat of appusfonca of th$ Into rawrcnt odtnopoihia 


icmnnor DtfXASX 

mnan or rjmmv 

vmaxxwtrs sorruxAzioK 

5th 

7 

5 

6th 

3 

2 

7th 

2 

2 

8th 

1 

1 

9th 

2 

1 

15th 

1 

0 

19th 

1 

1 

2Sth 

1 

1 

Total 

18 

13 


Due to the ihtinkiDg effect of serum adminlstntion on the acute buboes it was difBcuIt 
to distinguish between true late recurrent adenitis as seen in patients In the control group 
and recurrent enlargements following disappearance of unaD nodes caused l^ serum 
administration to patients in the treated group The end of the fourth month of disease 
was arbitrarily selected as the dividing line In order to avoid an excessively high and false 
fnddcncc of this late complication There were 4d patients whose buboes disappeared 
after serum treatment who experienced recalargcments of these nodes during the second 
third, and fourth months of disease. In 35 of these cases suppuration occurred. It is 
probable that had scrum not been given a large proportion of these nodes would have 
suppurated earlier, nearer the end of the acute initial phase of the disease 

foreign body abscesses and different m mode of origm from the acute 
abscesses, it was antiapated that scrum treatment would have no 
effect on either their frequency of occurrence or outcome 

EBTECTS OF BERUH TEEATMENT 

The results of serum treatment varied considerably, especially 
with relation to the clinical type that was presented, the presence or 
absence of extensive visceral lesions, the quantity and potency of 
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serum that was given, and the stage of disease at which patients were 
treated The frequent early use of the skin tests permitted verifica- 
tion of diagnoses and admimstration of serum on or before the twelfth 
day of disease to 191 patients, almost one third of the total number 

The most constant effect, regardless of the chmcal type of disease, 
was the marked amehoration of the symptoms of mtoxication, head- 
ache, backache, arthralgias, myalgias, nausea, and mental depression 
This effect was usually noted withm the first eighteen hours, and 
most patients obtamed marked rehef before the seventy-second hour 
after serum administration In many cases the transition from a state 
of utter wretchedness to one of cheerful comfort was accomphshed 
within 24 hours, a response qmte similar to those obtamable by the 
optimal uses of antipneumococcus serums or diphthena antitoxm 

The most marked changes m the fever curve were noted when 
patients were treated durmg the first twelve days of disease, a time 
when fever rarely disappears from natural causes Of the 191 patients 
who were treated before the thirteenth day of disease seven were 
permanently afebrile m less than 24 hours, thirty-two became per- 
manently afebrile before the seventy-second hour, sixty (31 per cent) 
were afebnle before the end of a week, and nmety-seven (51 per cent) 
were fever-free before the end of the thirteenth day after serum ad- 
mmistration As noted previously, all days of fever due to serum 
sickness were mcluded The average day of disease on which serum 
was admmistered was the eighth day, and the average duration of 
fever thereafter was 6 1 days 

The shortest recovery penods were observed m patients who had 
the tjqihoidal type of disease without pneumoma There were 21 
such patients The average day of disease on which serum was 
given was the thirty-fifth The average duration of disabihty was 
two months, and the average period between admmistration of serum 
and resumption of fuU activities was 25 days The effect of serum 
admimstration on the fever curve of one of these patients who was 
treated on the eighth day of disease is shown m figure 5 

The importance of pneumoma as a factor which prolonged disabdity 
and retarded recovery is well shown by the results of treatment m 
18 patients with the typhoidal t3q)e with assoaated pneumomas 
There were no Ijmphadenopathies to contnbute to the prolongation 
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of disability in these cases The average day of disease on which 
serum was administered was the same as it was for the previous group, 
the thirty-fifth day, but the average duration of disabihty was 3 S 
months and the average recovery mterval was 66 davs, more than 
twice as long as it was for the group of typhoidal type patients without 
pneumonia. The effects of early serum treatment m typical cases 
of the typhoidal type with pneumoma are shown m figures 6 and 7 
A characteristic and almost constant feature of the therapeutic 
response m patients with the bubomc forms, the oculoglandular. 

Strum 15 ce Lyophllt concentrated 
Day of ^ 

OUeott 6 8 to 12 14 )6 IB ao £2 24 



Fio 5 Female 26 , a cook, Infected by ^raaliing a purchnwd wild rabbit Tj-phoida 
clinical t\T>e withont phyncii or roentgcoologlc cvwtnce* of pneumonia. The spleen 
was readily palpated on the eighth day of dlsea^ when the eQuivnlcnt of 30 0 ct. of anti 
tularemic norsc serum was administered Intravenously in one dose of 15 0 cc. TChe patient 
was Without complaints 72 hours after sertim adminislrallon There were no complica 
tions and no serum ^cimesi. The spleen could not be palpated after the twentieth day 
of disease. 


glandular, and ulceroglandular climcal types, was a prompt and 
marked reduction m the sizes of the buboes and amehoratiou of the 
pain caused by them Followmg the imtial diminution the nodes 
frequently fluctuated considerably in sac before they cither dwindled 
toward ultimate disappearance or enlarged to become abscesses 
Buboes that had already reached or exceeded a diameter of five centi- 
meters at the time scrum was given frequenllj failed to show this 
shnnkage Furthermore buboes of this size usually suppurated, and 
It was noted that additional scrum over the amount indicated by 
the general status of the patient did not prevent cither the immediately 
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impending suppuration or the later liquefactions of these large nodes 
When primary lesions were present serum administration resulted 
m a lessemng or disappearance of the localized pain and accelerated 
heahng 

With allowance for vanabihty in the presence and m the location 
of primary lesions, the dimcal appearance, course of disease, and 
frequency of pneumoma were very similar m patients with the oculo- 
glandular, glandular, and ulceroglandular types of disease The 
systemic and regional effects of serum treatment were also very similar 

Serum 15 cc Lyophlle concentrofed 


Day of 4 

OiseoBe 6 8 10 12 14 16 18 20 22 



Fig 6 Male, 18, poultry cleaner, infected by skinning wild rabbits Typhoidal 
clinical type with sore throat at onset, umbflical pain, nausea and vomiting Had a 
scattered papulopustular exanthem of face, chest and back. No symptoms or signs of 
pneumonia during the first six days A left hilar pneumoma was demonstrated roentgeno- 
lopcally on the seventh day of isease, assoaated with cough and bronchial rales m the 
left lung The spleen became palpable on the eighth day and a pleural friction rub was 
noted m the left a^a on the nmth day at which time 15 cc of double concentrated lyophlle 
horse serum were administered in one mtravenous mjecbon Although fever persisted 
for four additional days the patient was otherwise entirely symptom free 72 hours after 
serum admmistration 

Figure 8 shows the response to treatment m a child who had the oculo- 
glandular type of infection The fall m temperature, accelerated 
heahng of the primary lesions, and the mitial shrinkage, subsequent 
swelhng, and fairly prompt disappearance of enlarged l 5 miph nodes 
are typical of the results obtamed in children Figure 9 shows the 
effects of treatment on this t3q5e of the disease m an adult 
The effect of one small mjection of serum on the fever curve and 
on an accessible enlarged node of a patient with the glandular type 
of mfection is shown m figure 10 The dmical courses of the 18 pa- 
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tients with the glandular type and the 525 patients with the ulcero- 
glandular type were quite similar, and all measurable aspects of the 
disease m these types fell withm the same limits of vanabUity 
Although the presence of pneumonia and other regional localiza- 
tions of infection were important causes of serious and prolonged 
disease m patients with the ulceroglandular type the most common 


50 19 cc Lyoph^U concenlrolsd torum 



Fro 7 Male, 42, typholdal type, with txttxalvt pneumonia Involving most of the left 
lung and a large left pleoml effo^on Immune serum testa positive on the 7th and llth 
days of disease Bacterial akin test positive on the llth day of disease. Agglutination 
test negative on the 7th day of disease, positive to 1 20 on ^e llth day, to 1 60 on the 
14th day and to 1 320 on the 18th day of disease. B lulamtse stained in and recovered 
from 950 cc of pleural fluid removed on the ISth day of disease. Lyophile horse scnim, 
restored to half volume, odinialstered on the llth and 17th days of disease There was 
roentgenologic evidence of resolution of the pneumonia by the 24th day of disease The 
renminder of the pleural effusion was absorbed before leaving the ho^tal There was 
serum sickness of moderate sewrity which lasted for 96 hours. This patient's nephew 
infected on the same rabbit hunt, was hospitalised In an adjacent bed. with the ulcerO' 
glandular clinical type, pneumonia, and pleun^ with effusion The ritnlml course and 
response to serum therapy were almost Idcabcal with those of the uncle. A female 
neighbor to whom these men gave one of their recently shot rabbits acquired a severe 
febrile, prostrating disease two days later, developed an extensive pneumonia four days 
later, went to another hospital where she died on the tenth day of disease with a diagnosia 
of pneumonia of undetcrmlnwl etiology 

causes of protracted disabibty were the persistence of painful buboes, 
their frequently delayed suppuration, and the draimng and dressmg 
of the wounds after the abscesses had been inased The patients 
that were treated before the thirteenth day of disease had suppurative 
adenitis less frequently than those who were treated at later stages 
However, the earhest possible treatment did not prevent all nodal 
suppuration The lowest inadence of suppuration that was obtained 
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in Cm 04O3i^0 Submaxillory 

05 05 0 0 0 0 Ant cervicol 

H • Primary lesion heoled 

Fig 8 Boy, S, infected by plajnng with a kmfe that had been used to decapitate a 
recently shot rabbit. Oculoglandular cbmcal type involving the nght eye and regional 
lymph nodes No pneumonia. Papulopustular exanthem on fac^ and arms The 
conjunctivitis was in a subsiding stage when 5 5 cc of goat serum were ^ven intravenously 
on the 16th day of disease. The conjunctivae were normal m appearance and the ex- 
anthem had almost completely disappeared 48 hours later A slight degree of 
cnophthalmos of the right eye persisted for IS months 

Serum In cc 13 12 


Day of » 

Disease 12 14 16 18 20 22 24 26 28 30 32 34 



Preounculor 2 2 2 2 

node In Cm 

Fro 9 Female, 27, housewife, infected by prcparmg a rabbit Oculoglandular chnical 
t>TDC m^ olving the ngnt eve and the regional lymph nc5es No pneumonia. Goat serum 
was admmistered intravenously on the 15th and 17tb days of disease The condition of 
the ey e w as normal on the 30th day of disease The enlarged preauncular node remamcd 
undimuushed in size for several months It is not known if suppuration occurred even- 
tually Repeated serum agglutmation tests resulted m the hipest titers I have seen 
recorded On the twelfth day of disease the titer was 1 20 On the sixteenth and eight- 
eenth days of disease, after serum administration, the titers were 1 320 From the 
twenty-first to the forty -nmth day s of disease four additional tests were performed at 
inten-als of approximately one week. These tests showed complete agglutmation of 
B tularcnse in dilutions of 1 2560, 1 5120, 1 40,280 and 1 80,560, respectively This 
case record was made available through the courtesy of Dr Bernard Wemstem of the 
Vanderbilt Umversity Hospital 
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under optimal conditions of early diagnosis, and with the total recom- 
mended amount of serum given before fluctuation could be detected, 
was 33 per cent This is somewhat more than half the frequency of 
suppurative ademtis that occurs without serum treatment. The 
effect of treatment m preventing suppuration of the dermal lymphan- 
giUc nodules was more apparent. Only ten of the forty-five patients 
with nodular lymphangitis suffered hquefactions of one or more 
nodules, an madence of suppuration of 22 per cent, apprommately 
one third of that for the control group Examples of the failure 
of early treatment to prevent the rapid suppurations of buboes are 
shown m figures 11 and 12 The effect of treatment m delaymg 


Serum In cc 13 


S S 


Day of 

Oiseoie Z 4 6 6 to 12 14 16 IB 20 22 



Ax node In Cm 4 l (X5 o 0 

Fio 10 Male, 38, infected from wild robbiU Glandular rllmml type, aijUafy bubo 
bat no primary fcsfon One smalf Cntramu9cular injection of goat serum was given on 
the seventeenm daj of disease This was followed by a gradi^ decline in fever inter 
mpted for two de>'a by mild scrum sickness, and a fairli prompt disappearance of the 
bubo 


suppurabon and thus prolonging disability is shown in figure 13 
This chart also illustrates the poorest effect of scrum admimstration 
on the temperature curve that was seen and an example of severe 
and rather prolonged serum sickness In other cases treated dunng 
the first ten days of disease there occurred a prompt and permanent 
disappearance of the buboes Tigure 14 shows a notable shortening 
of the febnle period and the rapid disappearance of a small bubo 
In this case serum was administered dunng the penod of pnmarj 
febnle remission Tigurc 15 shows a %erj marked alteration of the 
fc\cr curve which followed scrum administration at the height of the 
secondary nsc in tempemture, later compheated bj severe scrum 
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sickness The unusual features of this case were the extremely large 
axillary bubo, its very rapid reduction in size during the four days 
after serum ad mini stration, its contmued and steady regression after 
serum sickness had passed, and the fact that it did not suppurate 
dunng the year of subsequent observation 

15 cc serum 

serum sickness 

Day of '* ^ 

Disease 5 7 9 11 13 15 17 19 21 23 

u. 104 



X • Incision of obscess 

Fig 11 Male, 34, butcher Infected by cleaning mid rabbits Ulceroglandular 
clinical type Uiulateral primary lesion on n At third digit with bilateral anilary ademtis, 
unilateral epitrochlear bubo, and nodular lymphangitis on the nght forearm Goat 
serum admmistered on the sixth and seventh days of disease exerted a good effect on the 
temperature curve until moderately severe serum sickness supervened Early therapy 
did not alter the rapidly progressive suppurative course of the bubo at the elbow "Ihe 
mass enlarged rapidly with the onset of serum sickness, a very frequent occurrence. The 
abscess was mased on the sixteenth day of disease and the masion was completely healed 
by the twenty-eighth day The lymphongitic nodules and the axillary nodes did not 
suppurate The supienonty of the skm tests over the agglutmation test for early confirma- 
tion of the diagnosis was well demonstrated in this case The bacterial suspension and 
the antiserum skm tests were both positive on the sLxth day of disease Agglutmation 
tests were negative on the sixth, twAth, fourteenth, and sixteenth days, and positive to 
1 160 titer on the mneteenth day of disease, thirteen days after serum had been 
administered 

Some of the first patients to be treated with serum had pneumoma, 
and most of these were considered to have made very satisfactory 
recovenes following the adrmnistration of the usual 30 0 cc doses 
of serum As expenence with the treatment of pneumonic patients 
mcreased it became apparent that this dosage was frequently too 
small In the more senously ill mdividuals the improvement that 
followed the initial administration was not lastmg In a few days the 
symptoms of mtoxication returned, the temperature rose agam or 
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Day of 
Diteaif 


15 ee ttrum 


•Icknott 
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3 6 7 d II IS 


15 


17 


u. 104 



Ax nodi 2 243 3 Cm 

Frc 12 Male 19, batcher Ulcer^landalar dtn!cat type with unilateral primary 
lesion and hllatcml axillary adenitis There was marked alteration of the temperature 
cur\'e after the Intravenous adml^tratloa of goat scnun on the fourth and fifth days of 
later complicat<^ by scrum sickness The primary lesion was healed by the 
tenth day of disease Bflateml axillnry buboes of equal siie did not become smaller after 
serom was given Each enlarged with the advent of serum sickness and then receded 
mdually but a!wa>*8 remidnea larger than the alxes first noted Both enlarged again 
daring the fourth week, luppurated, and were indsed during the fifth week. 


Day of 
DitSGie 7 


tsec serum 

9 M 13 B 17 19 21 23 25 27 29 31 33 35 37 39 41 



Epitrochtscr 6^ 2 4 5 4 4 

node in Cm 

Fio 13 Female 64 housewife Infected by market rabbits Ulceroglnndular 
Clinical type with right axillary and cpltrochlearadcmtls Horse serum was odrninistered 
In^vtnouslj on the ninth and tenth days of disease Ihis chart Illustrates the least 
wed of serum treatment on the temperature curve that was noted in the entire series 
The febrile course was complicated by prolonged and severe serum aiekness The epl 
IrocUcar bubo diminished to less than naif Itiprevloua diameter after serum was given It 
rccol^^cd With the onset of serum sickness and fluctuated In sire thereafter for another 
niTOth. Suppuration finally occurred and the abscess was Incised cm the 66th day of 
TheaxJUaryncKiercenlarred andnlsosuppuralcdamonlhlater Hadserumnot 
uecn given It U probable that both nodes would nave suppurated sooner they did 
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remained unaltered, the consohdated areas mcreased m size, and m 
some cases new areas of pulmonary or pleural infection appeared 
An example of this kmd of response to madequate early dosage is 
shown m figure 16 In marked contrast is the temperature curve m 
figure 17 which shows the effect of two consecutive daily injections 
of concentrated restored lyophile serum m a severely mtoxicated pa- 
tient with extensive mtrathoraac lesions Before a minimal imtial 
dosage of 60 0 cc of serum was adopted as routine treatment for all 
patients with pneumoma five deaths had occurred, one in Cmannati 


Serum in cc 15 

I 15 


0 ay of 

Disease 4 6 8 10 12 14 16 18 20 22 24 26 



As node In Cm L5 I 0 5 0 0 

Fig 14 Male, 43, infected by cleaning wild rabbits TJlceroglandular clinical type 
wth bilateral primary lesions and bilateral anllary and epitrochlear adenopathies 
Papular exanthcm on neck, chest and upper back Goat serum was admimstered mtra- 
V cnously during the primary febrile remission on the seventh day of disease The marked 
alteration in the secondary febrile period is shown, also the rapid disappearance of the 
largest of the accessible lymph nodes Serum sickness did not occur and no nodes re- 
enlarged or suppurated Both skin tests were positive on the fourth day of disease 
Agglutmins were still absent on the eleventh, eighteenth and tuentj’-first days of disease. 


and four elsewhere In each case transient improvement followed the 
injection of smaller amounts of serum Smce there were no sjonptoms 
or signs of septicerma m any of these patients at the time serum was 
given it seems probable, m retrospect, that had larger amounts 
been given most of these deaths might have been prevented Eventu- 
ally it was noted that whenever the initial 30 0 cc dose of serum given 
to a patient without apparent pneumoma did not result in a contmued 
lowering of temperature and a marked symptomatic improvement by 
the seventy-second hour a chest film usually revealed an area of pneu- 
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moma that had not been detected by physical signs, and that if an 
additional 30 0 cc of serum was then given at once it usually sufficed 
to induce a good recovery 

A report has been made of the favorable results of treatment of a 
patient who acquired the disease from a tick bite and who had had 
pneumoma and pleurisy for several weeks before serum was given 
In this case an organism similar to B tulareiise had been recovered 


15 CC LjropKlIe concentrottd terum 


Oaj of ' 

Dlteote? 9 II 13 15 17 19 21 23 25 27 



Fio 15 ilalc, 28 poultry dcaner Ulccroglandular clinical t>’pe with trailalcml 
primary Icrion and bilateral adenonathiea- Severe initial phase without cou^ and 
Without physical or roentgenologic signs of pneumonia Conamtrated restored lyophllc 
hone scrum was administered intravenously at the height of the secondary rise in tempera 
lure on the eighth day of disease. From the clewulh until the fifteenth daj-s of disease, 
when serum skfaiesB occurred the patient was completely asj’raptomaUc. Although 
lymph node* that exceed a diameter of 5 centimeters almost aiwaj-s undergo m'entual 
suppuration the large axillary bubo in this case pro\ ed a rare exception Although serum 
sickness continued Tor eight da)**, accompanied by high fever, there was little associated 
distreis since arthralgias did not occur and urticaria appeared for oriI> two period* of four 
hour* each 


by blood culture (23) Another patient, with bilateral basilar con- 
solidations, had fever ranging from 104° to 106°F for eight days 
prior to adrmnistration of 60 0 cc. of Bcrum on the fourteenth day of 
disease There was also thrombophlebitis of both femoral veins 
This patient was afebnle and without signs of venous inflammation or 
obstruction on the twenty-eighth daj of disease 
The effect of treatment given late in the course of disease to a pa- 
tient with progressive pulmonary lesions and pcrsisUng infection m 
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the serous cavities is illustrated by the following case A woman 
acquired the ulceroglandular type of disease m November, soon fol- 
lowed by signs and symptoms of pneumoma which showed steady 
progression By February there was a large pleural effusion on the 
nght side and a peritomtis assoaated with asates Abdommal 
paracentesis yielded three hters of fluid from which B iularense was 

Scrum Horse 15 15 cc Goat 30 c c 

«- 4^ S.S.4> 

Doy of I 1 

Disease 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 



Ax node In Cm 2 1 2 I 2 

Fig 16 Male, 39, ulcerodandular type Onset with vomiting, abdominal pain, and 
toxic ileus with extreme abdommal distensionj tympamtes, and profound intoxication 
A small area of pneumoma m the nght hilus, discovered on the thirteenth day of disease 
by phj sical signs and chest films, contmued to enlarge after the first divided doses of serum. 
By the nmeteenth day of disease the pneumomc area occupied most of the nght lower 
lobe and there was a painful dry pleunsy m this region On the next day the pleurisy 
extended to the mediasUnum mth excruaatmg substemal and epigastnc pam There 
had been no change m the abdormnal condition and the patient became confused and 
dehnous, with the general condition aggravated by the supervention of serum sickness 
The mdication for more serum was urgent. Goat serum was given to avoid the hkelihood 
of anaphj laxis consequent upon reintroduction of horse serum dunng the stage of serum 
sickness This induced a marked general improiement. The patient was mentally 
clear m 24 hours The abdomen was relaxed and soft in three days and the pleunbc 
pam disappeared the followmg day Recoiery ensued and there was x-ray evidence of 
resoluUon of the pneumoma before discharge from the hospital The enlarged lymph 
node contmued to fluctuate m size durmg the next three months It finally suppurated 
and was mcised on the 124th day of disease 

recovered by culture The peritonitis subsided slowly but the 
thoraac signs indicated persisting and extending pleuropuhnonary 
involvement Fever was continuous In April the pleural effusion 
reached large proportions and three thoracenteses were performed 
The general condition persisted essentially unchanged Early m 
hlay, on the one hundred seventy-mnth day of contmuously febrile 
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and bed ndden disease, 30 0 cc. of serum were administered This 
was followed shortly by marked symptomatic improvement, subsid- 
ence of fever, resorption of pleural exudate, and alow resolution of 
the chrome pneumombs Fever disappeared permanently on the 
sirteenth day after serum admimstrabon Recovery was pracbcally 
complete when the pabent left the hospital eleven days later The 
previously ated pabent with encephahtis, pneumoma, pleural effu- 
sion, pericarditis, thrombophlebitis of the left leg, and acute cardiac 
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no4«» 

In Cm 2 0 0 0 SubocclpHal 

Fio 17 MiJe, 33, ulccrogUndular twe, with pnemuonla involving most of the right 
upper k>be and a dry pleurisy over the Wt lower lobe. Symptoms of pneumonia existed 
from the day of onset Lycmhile horse serum, rtstorwi to half volume, was admlniste^ 
on the 16th and 17th days of disease, followed by a rapid of temperature and shrink 
age of buboes. There was z ray evidence of resolution of the pneumonia on the 20th day 
of disease. The enlarged luborapltal node had returned to normal ske and was barely 
palpable on the fourth day after the first scrum injection. The right axDlaiy node 
dlmbithed itcadfly in size There was no subsequent enlargement or suppuration. The 
advisability of prompt Initial administration of not less than 60 cc. of serum to patients 
with pneumonia is illustrated by comparing this chart with the chart in figure 16 Similar 
contrasts were observed between six other pairs of patients who were treated os these were. 

failure was given 60 0 cc. of serum durmg tbe seventh week of lUness. 
Withm five days the progressively downward course had changed to 
one of steady improvement, and this man was back at his work 
three and a half months later with no trace of residual disabOity 
Deep jaundice with moderate enlargement of the hver but without 
signs of asates, pneumoma, pleurisy, or other deep tissue mvolve- 
ment had developed slowly from the second week of fllncss in another 
pabent He had lost thirty pounds (13 6 kg ) m weight by the six- 
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tieth day of disease when 30 0 cc of serum were administered A 
restoration to normal color, weight, and strength followed with amaz- 
mg rapidity, and the patient went back to work apparently entirely 
well ten days after serum had been given Although a diagnosis of 
hepatitis had been made the rapidity of complete recovery suggested 
strongly that the chief lesion had been lymphademtis of the hepatic 
hilar nodes with gradual compression and obstruction of the bile 
ducts and that the shrinkage of enlarged nodes which usually follows 
serum admimstration had released the pressure on the ducts with con- 
sequent restoration of the normal flow of bile 


Serum In cc 22 


30 


Day of 
Disease 


15 


13 15 17 



w ith unilateral primary lesion and axillary adenitis 
On the tenth day of disease a chill was followed by high fever which remained sustamed 
He became rapidly confused, delirious, stuporous and tlien comatose The hver and 
spleen enlarged rapidly and shght icterus appeared MulUple areas of pneumonia 
de\ eloped in each lower lobe The first intravenous mjccUon of goat serum resulted in 
a prompt fall in temperature from 103 to 99°F and a return of mental clarity After 
four hours the fever and dehnum recurred and remamed unaffected by addibonal injection 
of scrum The first serum injection was given about 48 hours after the onset of septicemia 


The urine of the patient with hemorrhagic nephntis became normal 
on the seventh day after admimstration of serum and the ensmng 
recover)'^ was uneventful 

The ten patients who were given serum after the symptoms and 
signs of septicemia had been present for from two to five days did not 
sur\nve Dosage of serum ranged from 66 to 360 cc per patient 
Following the initial injections there was usually a bnef lowering of 
fever accompamed by a transient penod of mental danty but this 
effect seldom persisted for more than six hours The temperature 
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curve m figure 18 is typically representative of this small group of 
patients who were first seen m the dymg state The patients who 
received larger amounts of serum showed no better response Blood 
cultures from two of these patients yielded colony counts of approm- 
mately 3000 and 8000 colomes of B tularense per cubic centimeter of 
blood, respectively Figure 19 shows the temperature curve of the 
patient who acquired tularerma before die had recovered from a 
pneumococcus bronchopneumonia 

S«rum In cc 60 

I 30 

Ooy of ^ 

Olctoct I 3 S 7 9 II 



A Onitl of teptlctmlo 

Fio 19 Female, 48, Infected by preparing a market rabbit. Ulceroglandular clinical 
type with unHaterai prmary lesion and adenopathies. An asthmatic with artet^ hyper 
tension massive cardiac hypertrophy, and previous attacks of angina and periods of 
myocardial faflure. Had not recovers from an acute respiratory infection Before she 
acouired tularemia. Pneumococcus Type XIX was reco\*erra from sputum. Confusion, 
delirium, and a change In the character of the fever curve from rc^ttent to sustained 
occurred on the seventh day of disease and probab^ marked the onset of tularemic sepU 
ccmla. Goat serum was not administered until 48 hours later and it exerti^ no detectable 
bencGdal effect A pure culture of B tularense was reco\*eTed b> guinea pig Inoculation 
with pulmonary exudate obtained at necropsy 


In only one instance was it possible to start treatment of a patient 
with septicemia within the first few hours from the onset of this 
heretofore invanably fatal compheation The uncxjiected and 
dramatic recovery which followed was attributed solely to the prompt- 
ness with which large amounts of scrum were administered after the 
appearance of the symptoms and signs of onset of septicemia The 
patient, a surgeon with artenal hj^icrtension, had acquired the in- 
fection from quail His temperature curve is shown m figure 20 
Although he had never had them previously, he began to suffer from 
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attacks of angma pectons during the third month from onset, and 
these attacks have contmued ever smce At the time of wntmg, 
four and one half years after onset of illness, this patient still hves 
and, to my knowledge, is the only person ever to have recovered from 
tularemic septicemia 
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Ax node in Cm 7 3 5 7 x 

Serum bilirubin L8 6 6 18 15 06 MgmyiOO cc 

H» Primory lesion healed 
X * Incision oxlDary abscess 
A • Onsel of seplicemlo 

Fig 20 Male, 60, physiaan Infected while hunting quail Ulceroglandular chmcal 
type Severe illness from onset, with scattered areas of bronchopneumoma, hepatitis, 
increasing jaundice, profound intoncaUon and massive enlargement of the right amllaiy 
nodes Fever was septic m character imtil the morning of the sixth day of disease when 
it became non rermttent There was assoaated delinum, confusion, and stupor, and he 
became scmicomatose before noon, with deepening jaundice and enlargement of the liver 
and spleen to 8 cm. below the costal margm First horse serum admimstration was at 
5 15 P M He was mentally clear the next mommg and he remained so thereafter A 
total of 180 0 cc of serum was administered dunng a period of 41 hours Although a 
culture had shown that the primary lesion on the httle finger was secondarily infected 
mth hcmolj Uc streptococci the lesion healed veiy rapidly There was a prompt reduction 
m the size of the axiUarj node, soon followed by reedargement, suppuration, and rnosion 
The incision drained for SO days Bacterial suspension skin test positive on the third 
day of disease Serum agglutination tests negative on the third, seventh, ninth, and tenth 
days of disease 


The charts and protocols mdicate that horse serum and goat serum 
were used interchangeably m the same dosage When alternate senes 
of patients were treated vith each serum there were no detectable 
differences m apparent potenaes as judged by chmcal effects CIm- 
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leal evidence indicated that better results were obtained when patients 
were treated before the thirteenth day of disease Although this is 
beheved to be the optimal tune to use serum it should be emphasized 
that expenence with 144 patients mdicated that this form of treat- 
ment was very effective in acceleratmg recovery and m termmatmg 
contmuous or mtermittent disease from the second to the mnth month 
after onset On the other hand there is apparently a dead line 
somewhere between the tenth and fourteenth months of disease 
beyond which serum therapy rapidly becomes totally meffeebve 
This was mdicated by the results of tnal therapy m twelve patients 
who had been contmuously ill for penods rangmg from fourteen 
months to five and one half years at the time serum was admmistered 
Only one patient recovered, the one treated m the fourteenth month 
of disease The other eleven became afebrile and asjmptomatic m 
from two days to two weeks but this effect lasted at the most for only 
a few weeks, in some for only a few days Relapses occurred 
promptly, and each of these patients is stiU iU with contmuous or m- 
terrmttent sjmptoms of persistmg tularexmc infection Five of these 
patients were moculated carefully with tolerance doses of a speaallj 
prepared B iularense vacane, doily, for many months Although 
it had been shown previously that this vacane was therapcuticallj 
effective for 16 patients m the earher stages of the infection it faded 
to cause any improvement m these patients m the late chrome stages 
Neither serum nor vacane appeared to be of any value after the dis- 
ease had persisted for a year or more 

Effect of Treatment on Comphcations and Sequelae 

One patient suffered a smgle relapse or recrudescence Near the 
end of the third month of severe illness, the typhoidal clmical tvpc 
with pneumonia, this woman had been given 30 0 ca of horse serum 
and had made a very slow recoverj The relapse occurred twelve 
months after serum adimnistration, and she was then given 30 0 cc. 
of goat serum Convalescence was slow and not complete for five 
and one half months thereafter No further relapses occurred and 
she has remained well during the subsequent forty four months of 
observation Although a number of reports record relapses and 
recrudescences (17) there is no accurate information concemmg thar 
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frequency of occurrence It may be noted that the patient that 
suffered the relapse was not given as much serum as would now be 
recommended for a patient with pneumoma 
No survivmg patient of the treated group developed the chrome 
form of the disease Although the frequency of occurrence of chronic 
tularemia is unknown the number of examples of this phase of the 
infection that have been encountered, fifteen durmg the six years 
of this study, suggests that serum therapy may help to prevent the 
extension of the disease into the chrome stages This supposition 
gams some additional support from the observed results of treat- 
ment given late m the course of the disease The admimstration 
of serum effected complete recoveries m 24 patients who had been 
contmuously or intermittently lU three to eight and one half months 
from the onsets of disease These patients were observed for a 
minimum of three years after recovery occurred 
Tularemic septicemia, the most senous comphcation and the most 
frequent cause of death, did not occur after serum admimstration m 
any patient who had received the optimal amount of serum 
The patient that developed the urmary signs of an acute nephntis 
showed a marked dimmution m the quantities of albumen, casts and 
red blood cells five days after serum administration The urme was 
normal two weeks later 

No persisting extensive fibrotic pulmonary changes were noted 
Pulmonar}'’ abscesses healed completely without residual detectable 
changes Bronchiectasis did not occur 
Of the SIX survivmg patients with thrombophlebitis one had edema 
of the leg for five months, the others showed no sequelae longer than 
three weeks after treatment had been given 
None of the patients with hepatitis or pentomtis has so far shown 
any gross evidences of residual hver damage or recurrence of asates 
Fibrosis of invaded subcutaneous Ijunph channels occurred fre- 
quently The end results were tough, shortened, thread-like cords 
that extended from near a primary lesion to the center of a regional 
Ijunph node \Vhen they stretched across the axilla they frequently 
caused a restriction to fuU elevation of the arm, and local pam With 
graduated elevation exerases the disabihty rarely lasted for more than 
three weeks In some cases the local pam was referred to the shoulder 
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joint, and if the cords were not seen at first an erroneous diagnosis of 
arthntis was usually made 

Trealmeni of Spemd Symptoms 

Bilboes For reUef of pam the most satisfactory local treatment 
was a warmed wet dressmg of saturated aqueous solution of magne- 
sium sulphate When hquefaction occurred it was found best to 
delay masion until the node capsule had perforated, formmg a defimte 
pouchmg soft area that was easily palpated The most frequent re- 
sult of premature masion was a very prolonged penod of dramage, 
with delayed heahng of the masion and occasional residual abscess 
formation Secondary mfection occurred frequently when nodes were 
inased too early When the abscess is npe simple masion and drain- 
age IS all that IS necessary Exasion of nodes is not recommended 
It IS not always successful in removmg all infected nodes, it does not 
prevent enlargement and abscess formation of adjacent unmvolved 
nodes, it is more surgery than the condition warrants, and it some- 
times results m distressing and prolonged lymphedema 

Eye Lesums The use of dyes, silver preparations, and Bjiecinl 
solutions has not been notably benefiaal (24) A satisfactory treat- 
ment consists of contmuous hot appheabons of half saturated aque- 
ous magnesium sulphate and frequent lavage of the conjunebval sac 
with warmed bone salme solubon 

Dermal Primary Lesions The best local treatment was found to 
be a wet dressing of one half to one third saturated aqueous solubon 
of commeraal urea Unless the dressing caused pain the stronger 
solution was preferable Not one of the many lesions treated with 
urea became secondarily mfected The next best treatment was 
saturated solubon of magnesium sulphate but about one m twenty 
that were treated m this manner became secondarily infected, usually 
with staphj lococa Despite much published advice to the contrary 
manj physlaans contmue to inase the pnmary lesions, apparently 
in the belief that they are dcahng with a pjogemc mfeebon This 
procedure is not onlj useless but often dcmonstrablj harmful 
Thirty two pabents in this senes suffered sharp attacks of chills and 
fever within a few hours after their pnmary lesions had been inascd 
Importance of Premons Ileart Disease Heart disease was an un- 
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portant cause of prolonged disability and of mortality Fourteen 
survivmg patients were known to have had heart disease before they 
acquired tularemia Those with hypertensive heart disease remamed 
notably free from cardiac comphcations whereas every patient with 
rheumatic or vascular disease suffered some degree of muscle failure, 
usually after the fourth week of tularemia A brief summary of these 
cases IS presented m table 5 Eight survivmg patients who were not 
suspected of havmg heart disease suffered cardiac comphcations, 
usually durmg convalescence from the infection Seven had coro- 
nary occlusions with angmal pam and acute myocardial fadure, and 
the eighth patient probably had a painless coronary occlusion These 
cases are summarized bnefly m table 6 

Careful questionmg of each patient faded to ehat any symptoms 
of heart disease pnor to the onset of tularemia 
The accumidated necropsy experience does not permit the assump- 
tion that these eight patients had normal hearts at the tune tularemia 
was acquired, and that this infection produced new vascidar lesions 
m the cardiac circulation Although obhteratmg artenolar lesions 
due to intunal proliferation have been seen occasionally m other 
organs they have been conspicuously absent m the heart Cloudy 
swelhng, loss of stnations, fragmentation of muscle fibres, and sparsely 
scattered focal cellular infiltrations between muscle bundles have been 
the only m)’^ocardial lesions noted These lesions have seldom been 
severe or extensive, and they have not occurred frequently (13) 
There is little or no existing evidence that tularenua senously dam- 
ages the normal heart The greater probabihty is that this severely 
intoxicatmg infection causes latent coronary disease to become 
mamfest With this m mind I have been predictmg for several years 
that whenever death occurred to any patient who did not have 
tularemic septicemia and who had had the optimal amount of serum 
a senous cardiac lesion, probably of vascular ongm, must have been 
present This brash prophec>’’ was mtended only as a stimulus to get 
an mcreased number of necropsies or to search back records for previ- 
ous evidences of cardiac disease m such patients, but whenever these 
tests have been apphed there has been no failure to date to find vahd 
evidence of previous heart disease 
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TABLE 5 

Paltertis teilh htcncn prt-exulmi heart disease 
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F 

55 
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TI 

6 
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M 

56 

1 
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U 

2 
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1 

1 
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TJ 

59 
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11 

1 
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U 

22 

No tularemia complications 
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AK 

F 

65 
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U 

62 
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F 

65 
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u 

11 
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11 
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6 
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V 

23 

Normal course and convales- 
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Palitnls vnlhoul evidence oj prcvictis heart disease 
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B S 
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U 
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W H 

M 
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U 
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R G 
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34 

T 

20 
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block m fourth month of disease 

F S 

■ 
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0 

13 

Coronary occlusion on sixteenth day 
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Six deaths appeared to be caused pnmanly or entirely by heart 
disease 

Case 41 Male, 63, tj-phoidal type Was recovering slowly from the 
severe mitial phase when 25 cc. of goat serum were given intravenously on 
the 41st da> of disease The onset had been severe, with marked disten- 
sion and deep abdommal pam He became afebrile five daj-s after serum 
administration Two days later his condition was described as ‘Tinght 
and cheerful, much better ” That afternoon he turned over m bed, de- 
\ eloped extreme dyspnea, and died. He had suffered more than a ) ear 
from chronic nephntis, arteriolar sclerosis, hypertension and heart failure 
and was described by his physician as "an emaciated cardiovascular-renal 
wreck ” 

Case 369 Woman, 61, ulceroglandular type Developed a small area 
of bronchopneumonia m the left lung on the se\ enth daj of disease Thirtv 
cubic cenUmeters of goat serum were given at once, followed by the same 
dose seven days later She died on the 16th day of disease Necropsy 
by Dr Joseph Ganim revealed few to very few macroscopic foci of necrosis 
In the liver, spleen and lungs, scattered, bilateral small areas of broncho- 
pneumonia, a dilated, hypertrophied heart with aortic valvuhtis and m- 
sufficiency, syphihc aortiUs, and aneurysm of the nscendmg aortic arch 

Case 373 Woman, 73, ulceroglandular type Had been m the hospital 
prevuously for sjTnptoms of heart failure which had been present for three 
years. The heart was greatly enlarged and previous electrocardiograms 
had mdicated coronary disease The tularemic infection was of modemte 
sev enty with no pneumonia discov erable by ph j'sical signs Horse scrum, 
m IS cc. doses, was given on the seventh and eighth days of disease with 
good effect. She became afebrde m four daj-s and remained so There 
had been one attack of pam in the upper left thorax She resented com- 
plete bed rest, signed a release, and went home On the twentv second day 
from onset she walked out, suffered severe angmal pain, and collapsed on 
tlie street. She was taken to another hospital where she died durmg a 
second attack of angmal pain on the twenty fourth day from onset 

Case 413 Woman, 30, ulceroglandular type. Subacute bacterial endo- 
carditis had been diagnosed one jear prcvnously Infected by a market 
rabbit. Had bilateral pnmary lesions on bands, bilateral axillary buboes, 
and swclhag of the right breast Blood culture showed a heavy growth of 
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Streptococcus virtdans The temperature level was always near 105°F 
She was given 30 0 cc of horse serum on the eleventh and again on the 
twelfth days of disease There was no modification of the lUness and death 
occurred on tlie sixteenth day of disease Necropsy showed bilateral acute 
hemorrhagic confluent bronchopneumonia with bilateral acute fibnno- 
purulent pleunsy, petechial hemorrhages m the pleurae and pericardium, 
acute splemc tumor, and bactenal endocarditis of the mitral valve Al- 
though SIX agglutmation tests had been negative a bactenal skm test had 
been positive and lymph nodes from each axilla showed typical early lesions 
of tularemia 

Case 478 Woman, 40, glandular type Had been known to have 
rheumatic heart disease for years, with chronic mitral valvuhtis with in- 
sufficiency, but without evidences of congestive failure Although the 
infection was not severe it was decided, m view of the outcome in case 369, 
to give serum early in an attempt to reduce toxemia and prevent cardiac 
failure On the sixth day of disease 30 0 cc of goat serum were given m- 
travenously There was marked clmical improvement, reduction m tem- 
perature, and dimmution m the sizes of the involved nodes She was com- 
pletely afebrile by the twenty-fifth day of disease She was kept com- 
pletely at rest m bed because of fear of cardiac complications Without 
evidences of congestive failure she died suddenly on the thirty-fifth day 
from onset of tularemia Necropsy by Dr Joseph Ganim showed a dilated 
heart, no pneumonia, and minimal endences of tularermc mfection, m- 
sufficient to account for death 

Case SOP Male, 36, ulceroglandular t5T)e, infected while rabbit hunt- 
ing Goat serum was given by vem m doses of 15 0 cc on the twentieth 
and twenty-first days of disease of moderate seventy The maximal 
temperature for the previous four days had been 100°F He became 
afebrile two days after serum administration and left the hospital un- 
proved He was seen on the twenty-sixth day of disease when he stated 
that he felt verj’- well and was rapidly regaimng his strength That eve- 
nmg he was seized with agonizmg substemal pam and died within three 
hours Necropsy by Dr K V Kitzmiller (25) showed extensive coronary 
and myocardial disease with old and recent mfarction, normal lungs, and 
insuffiaent tularemic lesions to account for death The huntmg partner 
of this patient was seen one year later He told me that dunng the year 
previous to the tularemic infection the patient had had audible, labored 
respirations every tune they scrambled up the sides of small gullies, and that 
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frequently the patient would have to stop because of dyspnea before he 
reached the top of a twenty five or thirty foot incline 

Fatalittes 

There were 25 fatalities m the treated group Six of these cases 
were ated previously and the deaths were ascribed to heart failure 
In two of the cases with fatal terminations there remains some doubt 
concermng the establishment of tularemia as the final illness These 
cases were retamed m the senes, as were all fatalities which occurred 
wi thin one year from onset of disease, not only because serum treat- 
ment had been administered but because they illustrate certam diag- 
nostic difficulties of the typhoidal type of the disease 

A young man, 19, went rabbit hunting several times m October, exact 
dates uncertain. Onset of disease on November 1, with a “cold” and 
smusitis. Rules were heard m the lungs during the first few days. The 
temperature rose daily to 104 or 105°F On the tenth day of disease a 
pleural effusion was found and two hters of fluid were aspirated Cultures 
of the fluid remained sterile and a guinea pig survived for many months 
after inoculation with the fluid After removal of the fluid the patient 
improved slowlj and left the hospital late m December He remamed m 
bed at home for two months with occasional tempemture rise to lOl^F 
Late m February he was well enough to get about the house. Early m 
March he had a sore throat with what was called influenza, a recurrence 
of high fever, and his general condition went rapidly downward Chest 
films in April were mterpreted as evidence of typical pulmonary miliary 
tuberculosis Illness contmued, with daily rises of temperature to 105 
and 106°F , respirations 30 to 40 per mmute, and pulse beats 150 to 160 
per mmute. On May 3 an agglutination test performed at the National 
Institute of Health showed agglutmahon of B tularense in dilution 1 320 
and cross agglutmation of Br aiorltis to a lower titer A second test, 
performed at the hospital laboratory ten days later, showed complete 
agglutmation of B lulareitie m dilation 1 640 On the foUowmg day a 
controlled antiserum intradermal test was positive This was the 196th 
day of disease On that day 60 0 cc of goat serum were administered 
mtravcnouslj , followed in two days by n similar amount After serum 
admmistration the temperature fell by lysis, about 1°F each day for six 
days, although there was no change m either the respiratory or the pulse 
rates. He died suddenly on the sixth dav after scrum admmistration, 
apparently from heart failure. His temperature that day had varied from 
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99 to 100 4°F At necropsy both lungs were studded with innumerable 
tubercles without any areas of extensive caseation There were numerous 
small infarcts m the spleen and a few larger sohtary tubercles m the liver, 
up to 1 cm m diameter, of cartilagmous consistency, also many tmy ab- 
scesses m the cortices of the kidne}^ Microscopic sections showed typical 
tubercles Sections from two areas of the nght lung, stained with carbol 
fuchsm, revealed typical tubercle baciUi m every mihary tubercle m the 
sections No lesions referable to tularemia could be found 

A young man, 23, who had repeatedly hunted and dressed rabbits, fell 
suddenly lU with chills, fever, sweats, generalised abdominal pam, nausea 
and vomitmg In two days there was localized tenderness and ngidity m 
the lower nght quadrant Laparotomy revealed an acute gangrenous ap- 
pendicitis The appendix was removed and dramage was established 
Daily remittent fever contmued after operation Fluoroscopic exammation 
of the upper abdomen, exploratory reopenmg of the lower abdommal mci- 
sion, and roentgenologic exammation of the thorax revealed no cause for 
the fever and the steadily downward course On the fifty-fifth day of 
disease his serum agglutmated B iuhrense m dilution 1 1280 Tests 
agamst many other bactena were negative He was given 30 0 cc of 
horse serum intravenously without any consequent effect upon the course 
of disease He became steadily worse, the lungs remamed clear to x-ray 
exammation, there was httle or no dramage from the abdommal mcision, 
and he died on the sixty-seventh day of disease Necropsy was not 
permitted 

In the first case it was demonstrated that the patient died of gen- 
eralized mihary tuberculosis The sjanptoms at onset were unhke 
the usual mitial symptoms of tularemia but m rare cases patients with 
proven tularemia have had similar onsets, with predommant respira- 
tor}' complaints and mild general symptoms It seems most prob- 
able that the positive agglutination tests and the positive antiserum 
test were caused by a previous unrecognized tularemic infection In 
the second case the cause of death was not determined but pentomtis 
and septicemia secondary to the gangrenous appendiatis seem prob- 
able The man was an inveterate rabbit hunter and it seems reason- 
able to attnbute the high agglutmation titer to a former tularemic 
infection Since diagnoses of tularemia could not be estabhshed 
these cases v ere excluded from case fatahty rate computations 
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A tlurd death occurred on the fifth day of disease of moderate 
seventy, the typhoidal type -mth no symptoms or physical signs of 
pneumoma, m a rvoman of 62 She had cleaned a market rabbit. 
After an mcubation penod of four days there occurred an abrupt and 
typical onset The diagnosis was based on the history of exposure, 
the incubation penod, the nature of the onset and early course, and a 
positive bactenal skm test on the fifth day of disease She had not 
had tularemia previously The heart sounds were poor m quahty 
and there were occasional ventncular premature beats, otherwise no 
localized findmgs of note There was a history of cerebral embolism 
or thrombosis two months previous to this illness About two hours 
after the mtravenous admmistration of 15 0 cc, of restored lyophile 
horse serum the patient suddenly died Both ophthalmic and mtra- 
dermal tests with normal horse serum were dearly negative for 30 
minutes before serum was administered No respiratory symptoms 
preceded death and anaphylaxis seemed to be exduded as a cause 
Necropsy was not permitted It was not dear whether death was 
due to heart failure or to cerebral hemorrhage The infection was 
not severe The patient was completely rational and reasonably 
comfortable at the time scrum was given The evidence seemed to 
be against death due to tularemia 
Brief synopses have been presented of two cases m which serum 
was first adrmnistered to patients m the dying state, and the tem- 
perature curves are shown m figures 18 and 19 The dmlcal condi- 
tions and the responses to serum admmistration were very similar 
m the other eight patients The important features of these cases 
are Bummanzed bnefly m table 7 In the last case cncephahtic symp- 
toms made it difficult to establish the time of onset of septicemia It 
seems doubtful that serum could have prolonged life for 16 days, and 
it IS more probable that the masked onset of septicemia occurred 
later than the twentieth day of disease In no other case did life 
persist for more than five days after serum administration or for more 
than seven days after the onset of septiceima 
In SIX cases death occurred to patients who had no signs or symp- 
toms of septicemia at the time scrum was administered It seemed 
certain to all of us who saw these patients that the deaths were 
caused by tularemia and ncrc therefore chargeable to failures of the 
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treatment A critical review of these cases indicates in retrospect 
that certain of these deaths might have been prevented if the manage- 
ment had been different These cases are presented to indicate 
the aspects of management which are now considered to have been 
faulty and to indicate the changes which might prevent fatal out- 
comes in mmriar cases m the future There was no doubt about the 
diagnosis of tularemia m any case 

Case n Male, 37, ulceroglandular type, infected by snowshoe hares 
Agglupnabon test negative on the seventh day of disease, positive m dilu- 
tion 1 80 on the nmth day Scattered moist rides appeared m both lungs 
during the second week, without cough or physical signs of pneumonia 
On the seventeenth day of disease he developed severe pulmonary edema 
which lasted for five hours Dunng this time the liver was enlarged, 
tender, and painful The spleen was not palpated After recovery from 
the acute pulmonary edema the Irver receded to normal size and location 
Temperature fluctuated between 102 and 104°F Two mtravenous mjec- 
tions of goat serum, of 12 5 cc each, were given on the twentieth and 
twenty-third days For three days after serum administration the tern 
perature varied between 99 and 101°F and there was appreciable general 
unprovement Then fever recurred to the former level, associated with 
daily drenchmg sweats On the twenty fourth day unnary signs of nephn- 
tis appeared which steaddy grew worse until the albumen was described as 
“almost solid bj Esbach’s test” on the thurty fourth day Dehnum oc- 
curred on the twenty slxtli day and gradually became contmuous unPl 
death occurred on the thirty sixth day of disease The Irvcr did not re 
enlarge and the spleen remained impalpable throughout the illness The 
primary lesion did not heal 

Case JS Male, 32, typhoidal dimcal type Ten agglutination tests 
between the sixteenth and twenty nmth days of disease gave ascending 
titers rangmg from 1 320 to 1 5600 Pneumonia was present on the 
twelfth day of disease and gradually mcrcascd m suie. The patient was 
profoundly prostrated, irrational and mconlinent of urme and feces Goat 
serum was administered in two intravenous injections of 12 0 cc each on 
the twentietli and twenty fourth days, followed by very slight and brief 
e\ Idcnces of useful effect. Pneumonic areas continued to enlnigc, a pleural 
eftusion developed from which B ItHarense was recovered, signs of central 
nervous system involvement appeared and the patient died on the thirtieth 
day of disease This case, with necropsy findings, has been reported in 
detail (20) 
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Case 202 Male, 53, ulceroglandular type Severely prostrated at onset 
with temperature 104°F Horse serum was given mtravenously m doses 
of 15 0 cc each on the sixth and seventh days of illness, followed by symp- 
tomatic improvement and a fall m temperature to 99 4°F Two days later 
the temperature rose to 102, prostration recurred, with accompanymg 
cough, icterus, delirium, and enlargement of the hver and spleen On the 
eleventli day of lUness I saw the patient, comatose, deeply jaundiced, with 
both liver and spleen readdy felt at the level of the umbilicus, consolidation 
of tlie right lower lobe with other smaller areas of consolidation in both 
lungs Although he was obviously m the dying state we gave at once 
120 cc of horse serum mtravenously, followed m four hours by an addi- 
tional 120 cc , and 30 cc six hours later The jaundice deepened very 
rapidly, he remamed comatose to semi-comatose and died late that night 
at the begmnmg of the twelfth day of disease About 0 04 cc of blood were 
withdrawn from a vein just before givmg the first large mjection of serum 
This was spread over the surface of a blood glucose cystme agar slant 
After 48 hours of mcubation there were about 320 colonies of B kilarense 
on the slant By rough calculation there were approximately 8000 colonies 
per cubic centimeter of blood 

Case 243 Male, 60, ulceroglandular type with cough at onset and 
pneumonia mvolvmg the entire left lower lobe by the twentieth day of 
disease Horse serum was given mtravenously m doses of 15, 10, 15 and 
15 cc , respectively, on the 20th, 21st, 26th, and 28th days of disease Fol- 
lowing tlie first two injections of serum the temperature feU from 102°F 
to normal durmg the next four days It remained normal for one day and 
then fever recurred Despite the additional serum injections there was 
a continuous febrile course from the 25th day of disease onwards, the tem- 
perature varying between 100 and 105 6°F , and the pulse from 76 to 160 
per minute Previously the pulse had averaged 90 beats per nunute 
There was at no time any dinunution m the size of the axiUary nodes 
There was no urticanal or erythematous eruption at any time On the 
tliirty-second day he developed a C 3 ^titis vhidi was treated by frequent 
1 7000 potassium permanganate irrigations through an indwelling catheter 
On the forty-first day phlebitis occurred in the left leg Physical signs and 
roentgenologic studies showed little change in the pneumonia areas The 
course was steadilj'' downward with death on the fifty-second da}’^ of dis- 
ease The patient had had acute rheumatic fever as a youth with a residual 
mitral insuffiaencj' of no physiologic significance At the time he acquired 
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tularemia he had generalued artenosclerosis and the heart lesion then was 
attributed to sderotic disease 

Casc4S2 Male, 39, ulceroglandular type Severe onset with abdominal 
cramps, pam m the left upper quadrant, vomiting of blood and mucus, and 
great abdominal distension which continued until death occurred The 
temperature remamed irregular with daily peaks from 101 to 105°F Signs 
of pneumonia appeared on the tenth day of disease and progressed steadily 
By the 17th day of disease roentgenograms showed irregular areas of con- 
sohdation throughout both lung fields and an effusion on the left. The 
sputum was purulent and pneumococci were conspicuously absent. In- 
travenous injections of goat serum, m 30 0 cc amounts, were given on the 
ninth and tenth days of illness, followed by shght and transient lowering of 
temperature but little or no effect on the abdominal symptoms or on the 
progress of the pneumonia He became suddenly cyanotic and dyspncic 
on the seventeenth day and died early the next day 

Core 501 Negro male, 63, ulceroglandular type Had generalized ar- 
tenosclerosis with moderate hypertension and moderate left ventncular 
enlargement No symptoms or signs of pneumoma untfl the thirteenth 
da> of disease From that day repeated chest films showed mfiltration 
at the right base with progressive enlargement of the consohdated area 
Intravenous mjections of 15 0 cc of restored lyophile horse serum were 
given on the eleventh and twelfth days of disease. The temperature curve 
promptly became less remittent but there was no reduction m the daily 
maximal peaks During the succeedmg six days the patient showed 
marked symptomatic improvement but the temperature remained high at 
the previous level of about 104'’F There then occurred an alternation of 
penods of drcnchmg sweats and profound weakness with periods of com- 
fort This condition was mterpreted by me ns an expression of serum sick- 
ness without exanthem, an opmion not held by most of the attendmg 
phj-sicians Additional serum was not given On the twenty fourth day 
of disease the fc\ er abated somewhat and the patient felt better evain though 
the area of pneumonia was increasing m size. He msisted upon leaving the 
hospital, signed a release, and went home where he died on the thirtieth 
day of disease 


DISCUSSION 

Although there was evidence of heart disease in cases 17, 243, and 
301, it seemed fairly clear that the deaths were caused by tularemia, 
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as they were m the other three cases In cases 18, 202, and 482 there 
were clinical, necropsy or cultural evidences of septicemia Although 
the pathogenesis and mode of death m case 17 are not clear it seems 
probable that septicemia occurred six or seven days pnor to death 
These were the only patients out of the 600 m whom septicerma de- 
veloped after serum had been admimstered In cases 243 and 501 
death appeared to be caused chiefly by pneumoma and mtoxication 
None of these six patients showed a good therapeutic response with 
respect to temperature and general symptoms withm 72 hours after 
serum was admimstered The serum seemed to be either very low 
in potenc}’’ or meffective m the dosages that were used In cases 17 
and 18 the amounts administered were less than that which was later 
adopted as the mimmal for cases of average seventy without pneu- 
moma In case 202 the second 15 cc dose was given on the same day 
that charactenstic signs and s 3 Tnptoms of septicerma occurred The 
additional 270 cc were not administered imtil four days later when the 
patient was m coma In cases 243 and 482 the mitial dosage fol- 
lowed the most recent recommendation for patients with pneumoma 
It cannot be said that these patients would have snnnved if more 
serum had been given but we faded to meet a defimte mdication for it 
m that their dmical conditions were not satisfactory three days 
after the mitial doses The same is true m case 501 This man 
would have received more serum if my advice, based upon the behef 
that serum sickness was an important contributing factor to his con- 
tmumg dlness, had not been followed As noted hereafter m a dis- 
cussion on serum sickness this deasion is sometimes a difficult one to 
make correctly Smce other patients with evidences of more ex- 
tensive and severer infections recovered after larger amounts of these 
same serums had been given at the outset withm a two or three day 
admimstration penod, as illustrated m figures 17 and 20, it seems 
possible that some of the above fatahties nught have been prevented 
if more serum had been given durmg the imtial a dmini stration 
penods 

Although the t>-phoidal clinical tj^ie has the worst prognosis and 
the highest U’pe fatahty rate only five deaths occurred m patients 
with this tjpe and, as noted above, one of these was caused by a 
cerebral vascular acadent On the basis of previous mortahty stud- 
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les (7) ten or eleven deaths from this type would have been expected 
m this senes 

EFFECT OF SEB-UM ADMINISTEATION ON THE KESITLTS OF DIAGNOSTIC 
PROCEDDEES 

Bactmal AiUigm Intradermal Test 

Serum was administered to 81 patients withm 48 hours after mtra- 
dermal mjections of bactenal skin test suspensions were made In 
32 patients this resulted m suppression of the slin reaction, usually 
completely, or to such a degree that the very mmute areas of erythema 
were judged to be negative reactions Twenty of these pabents were 
retested five to fifteen days later and siiteeen of them then showed 
typically posibve reacbons If suppurabve adembs was present the 
skin reacbons always became posibve but when suppurabon was not 
present most of the skin reacbons were negabve on both tests 

Anttserum Intradermal Test 

Scrum was adnimistered to 102 pabents shortly after controlled 
anbserum skin tests had given posibve reacbons Retestmg of these 
pabents either immediately or durmg the first 48 hours after serum 
admmistrabon resulted m complete suppression of skm reacbons m 
all but a few of the most severely ill pabents who had not received 
adequate treatment in accord with the most recently adopted scheme 
of scrum dosage. The suppression of posibve reacbons was inter- 
preted as evidence of a reversal from the anbgemc to the anbbody 
phase of mfeebon caused by therapeube admmistrabon of excess 
anbbody When the tests were agam performed three to four days 
after serum mjection posibve reacbons agam occurred Dunng the 
first two years of the study this test was used as a very rough index 
of the adequacy of serum dosage for a period of four or five days after 
inibal serum admmistrabon The mechanism of the rcacbon is 
beheved to be simply the reverse of that reported by Abemcthy in 
relabon to pneumococcus infeebon and skm tests (26) This use of 
the scrum test as an index of optimal serum admimstrabon was not 
conbnued because it was found that certain clinical entena were more 
rchable 
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as they were m the other three cases In cases 18, 202, and 482 there 
were chnical, necropsy or cultural evidences of septicemia Although 
the pathogenesis and mode of death m case 17 are not clear it seems 
probable that septicemia occurred six or seven days prior to death 
These were the only patients out of the 600 m whom septicemia de- 
veloped after serum had been administered In cases 243 and 501 
death appeared to be caused chiefly by pneumoma and mtoxication 
None of these six patients showed a good therapeutic response with 
respect to temperature and general symptoms withm 72 hours after 
serum was administered The serum seemed to be either very low 
m potency or mefiective m the dosages that were used In cases 17 
and 18 the amounts administered were less than that which was later 
adopted as the minimal for cases of average seventy without pneu- 
moma In case 202 the second 15 cc dose was given on the same day 
that characteristic signs and s}rmptoms of septicemia occurred The 
additional 270 cc were not administered until four days later when the 
patient was m coma In cases 243 and 482 the mitial dosage fol- 
lowed the most recent recommendation for patients with pneumoma 
It cannot be said that these patients would have survived if more 
serum had been given but we failed to meet a defimte mdication for it 
in that their chnical conditions were not satisfactorj’^ three days 
after the mitial doses The same is true m case 501 This man 
would have received more serum if my advice, based upon the behef 
that serum sickness was an important contnbutmg factor to his con- 
tmumg lUness, had not been followed As noted hereafter m a dis- 
cussion on serum sickness this deasion is sometimes a difficult one to 
make correctly Smce other patients with evidences of more ex- 
tensive and severer infections recovered after larger amounts of these 
same serums had been given at the outset within a two or three day 
adnumstration penod, as illustrated m figures 17 and 20, it seems 
possible that some of the above fatahties might have been prevented 
if more serum had been given dunng the mitial administration 
penods 

Although the typhoidal chnical type has the worst prognosis and 
the highest tjTie fatahty rate only five deaths occurred in patients 
with this t}'pe and, as noted above, one of these was caused by a 
cerebral vascular acadent On the basis of previous mortahty stud- 
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ics (7) ten or eleven deaths from this type would have been expected 
m this senes. 

EFFECT OF SESmi ABMDnSTRATION ON THE RESXTLTS OF DIAGNOSTIC 
PROCEDDEES 

Baclenal Antigen Intradermal Test 

Serum was administered to 81 patients withm 48 hours after mtra- 
dennal mjections of bactenal skm test suspensions were made In 
32 patients this resulted m suppression of the skin reaction, usually 
completely, or to such a degree that the very mmute areas of erythema 
were judged to be negative reactions Twenty of these patients were 
retested five to fifteen days later and sixteeen of them then showed 
typically positive reactions If suppurative adenitis was present the 
skm reactions always became positive but when suppuration was not 
present most of the skin reactions were negative on both tests 

Anitsenm Intradermal Test 

Serum was administered to 102 patients shortly after controlled 
antiserum skm tests had given positive reactions Retesting of these 
patients either immediately or during the first 48 hours after serum 
administration resulted in complete suppression of skm reactions m 
all but a few of the most severely ill patients who had not received 
adequate treatment m accord with the most recentlj adopted scheme 
of serum dosage The suppression of positive reactions was inter- 
preted as evidence of a reversal from the antigeme to the antibody 
phase of infection caused by therapeutic administration of excess 
antibody When the tests were agam performed three to four days 
after serum mjection jxisitive reactions agam occurred Durmg the 
first two years of the study this test was used as a very rough mdex 
of the adequacy of serum dosage for a penod of four or five daj s " ^ j 

'mtial serum administration The mechanism of the 
beUeiod to be sunplj the reverse of that reported by Abernef 
relation to pneumococcus infection and skm tests (26) This 
the scrum test as an mdex of optimal serum administration 
continued because it was found that certain clmical entena were 
rchablc ^ 
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AgghUtfiatton Test 

In 135 cases in which agglutination tests were performed before 
serum had been given one or more tests were performed after serum 
admmistration In 116 cases there were observed no departures 
from the usual titer curves shown by untreated patients In two 
patients there occurred unusually high titers after administration, 
one nsmg from 1 1280 to 1 10,240 six days after serum by vem, the 
other nsmg from 1 320 to 1 80,560+ durmg the next thirty-three 
days after serum was given In three patients who were treated dur- 
ing the fourth month of lUness there occurred a loss of previously 
present serum agglutinm titers The first patient had a titer of 1 160 
on the thirteenth day of disease No further tests were made until 
after serum was given on the 113th day of disease when, on the 127th 
day of disease, repetition of the test showed no agglutination whatever 
from dilution 1 10 upwards The second patient had two positive 
tests, each to dilution 1 80, on the 77th and 81st days of disease 
Serum was given on the 98th day of disease On the 131st day there 
was no agglutmation whatever from dilution 1 10 upwards The third 
instance has been reported by Nelson (27) There was complete 
agglutmation to 1 40 on the 64th and 83rd days of disease Serum 
was given on the 98th day There was agglutmation only to 1 20 
on the 100th day, and none at all on the 108th day of disease In ten 
patients a significant fall m titer occurred after serum admmistration 
In one of these a secondary nse occurred after the fall, and m another 
a nse occurred before the fall In the first case a titer of 1 640, 
on the eighteenth day of disease when serum was given, fell to 1 40 
seventy-six days later Another of 1 160 on the fourteenth day® 
fell to 1 40 eighty-seven days later A titer of 1 80 on the mnth 
day of disease was still only 1 80 sixty days later One of 1 160 
on the sixteenth day rose abruptly after serum to 1 1280 on the 
twentieth day and feU to 1 160 on the sixty-seventh day One of 
1 320 on the twentieth day fell to 1 40 with prezone inhi bition m 
1 10 on the forty-fourth day Another of 1 1280 on the twenty-first 
daj fell to 1 320 on the twenty-sixth day One of 1 40 on the mnth 

• In the examples that follow the prcadmuiistration titers were determined on the day 
of disease upon which serum was administered unless it is noted otherwise 
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day, with serum given on the sixteenth day, fell to 1 20 on the twenty- 
fourth day Another of 1 640 on the twenty-fourth day, with serum 
given on the twenty sixth day, fell to 1 160 on the thirty-second day 
and was still 1 160 on the forty-sixth day Titers of 1 1280 and 
1 2560 on alleged tenth and eleventh days, with serum given on the 
fourteenth day, fell to 1 640 on the twentieth day The final patient 
had a titer of 1 10 on the eighth day, with serum given on that day 
Agglutmation was completely absent on the twenty seventh day and 
present to 1 320 on the fifty-seventh day 
In four cases there was apparently complete suppression of agglu- 
tinin formation Serum was admmistered to each patient before 
agglutinins were expected to be present Although B iularcnse was 
not recovered from any of these patients it is beheved that all had 
acute tularemia The diagnoses were based upon defimte histones 
of exposure, appropnate mcubation penods, typical onsets and clm- 
ical courses, the appearance of primary lesions and regional buboes 
in aU cases with suppuration of buboes m two, positive bactenal sus- 
pension and antiserum test reactions, and characteristic responses 
to serum treatment mcludmg prompt lowermg of temperature and 
reduction m the sizes of the buboes The data pertaming to agglu- 
tination tests and serum administration m days of disease were as 
follows negative agglutmation on the eighth day, serum admmistra- 
tion on the tenth day, and no agglutmation on the sixty-seventh day, 
no agglutination on the third day, serum admmistration on the sixth 
da>, and no agglutination on the seventh, nmth or tenth days, nor 
four and one half years after onset of disease, no agglutination on the 
fourth day, scrum administration on the sixth day, and no agglutina- 
tion on the eleventh, eighteenth or twenty-second days, no agglutina 
tion on the seventh day, serum admmistration on the eighth day, and 
no agglutination on the twenty-fifth day 
In three cases gumea pig inoculations with exudates taken from 
primary lesions on the first, second and third days after scrum ad 
nunistration resulted m death to all ammals within five days and re- 
coixrj of B Iularcnse by culture of the heart blood from each A1 
though each patient showed a significant fall in temperature, marked 
sjTnptomatic relief, and considerable dnmnution m the sizes of the 
buboes on the third day after serum administration there was appar- 
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ently by that tune no deletenous effect on the bacteria m the primary 
lesions and no dimmution of their virulence for gumea pigs 

SERtJM SICKNESS 

Serum sickness occurred m 309 patients, an madence of 51 5 per 
cent In most mstances the seventy was mild to moderate, but 97 
patients (16 per cent) suffered severely Although the same schedule 
of dosage was used for each serum goat serum provoked less serum 
sickness than horse serum Furthermore, the severe form was pro- 
duced twice as frequently by horse serum as by goat serum These 
data are summarized m table 8 A few patients had serum sickness of 
unusual seventy with sustamed high fever of 104 to 105°F for as 

TABLE 8 


Comparahve incidence of scrum sickness, and of severe serum sickness, from goal serum and 

from horse serum 


EEltUK 

NmnjER OF 
PATIENTS 

NtJHBEE 
WITH SERUK 
SICKNESS 

INCIDENCE 

NUMBER 
WITH SE\XRE 
SERUM 
SICKNESS 

INCIDENCE 

Goat 

214 

99 

per uni 

46 

19 

per cent 

9 

Horse 

386 

210 

54 

78 

20 

Total 

600 

309 

51 5 

97 

16 


long as ten to fifteen days One suffered a cervical radicuhtis with 
atrophy of both deltoid muscles and of parts of each scapular group 

Not infrequently the symptoms of serum sickness were so distressmg 
that they were as bad as, or even worse than those of the disease 
With respect to horse serum the fear of provokmg severe serum sick- 
ness grew so strong that several of us hesitated many times to use 
it for this reason alone, except for severely ill patients Durmg the 
past two years the contmued therapeutic and prophylactic use of 
histammase for serum sickness (28) has proved so effective m prevent- 
mg or controUmg the disorder that we no longer have any quahns 
whatever with regard to givmg any amount of any serum that might 
be mdicated 

t\Tienever serum sickness occurred there was almost always a 
prompt reenlargement of all mvolved lymph nodes In more than 
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80 cases the symptoms of serum sickness, fever, headache, backache, 
myalgias, arthralgias, sweats, and lymph node enlargement, were mis- 
mteipreted as symptoms of a relapse of tularemic infection Relapses 
rarely occurred durmg the first week followmg serum administration, 
the time when serum sickness occurred most frequently, and the few 
that occurred were all “therapeutic relapses” due to release from 
serum effect when mitial dosage was less than that mdicated by the 
condition of the patient. The administration of serum in better 
dosage at the outset, heremafter recommended, should prevent 
almost all such difficulty m the future Smee many physiaans m- 
sisted upon givmg more serum at the tune serum sickness occurred 
it became very important to determme accurately the exact cause of 
symptoms as it is usually unnecessary, unwise, and occasionally very 
dangerous to a dminis ter more serum of the same animal species at 
this time. Cntical examination of the patient will usually indicate 
the true nature of the disturbance The patient himself can very 
often differentiate between the two groupis of similar symptoms, usu- 
ally, I think , because the pecuhar and indescribable mental depres- 
sion that accompames tularemic disease or exacerbations is almost 
always absent in serum sickness In many instances an mtradermal 
test with normal serum will help to make the disUnction This is 
especially mdicated when erythema and urbeana fail to appear 
Finally, whenever the distmction is still a matter of doubt, two or 
three intramuscular mjeebons of histammasc at hourly intervals can 
be rched upon to amchorate greatly or to dispel all symptoms withm 
SIX or seven hours if they are caused by serum sickness 

The likelihood of mismterpretabon of symptoms caused by serum 
sickness and the danger of admimstrabon of addibonal serum dunng 
Its presence were causes for considerable anxiety dunng the conduct of 
these studies, espeaally after addibonal horse scrum could be obtained 
from trade sources These matters arc apparentlj not well appre 
hended bj many who administer unrefined scrums For this reason 
the followmg case is ated 

A healthy adult acqmred the ulceroglandular type of tularemia 
nhile rabbit hunbng Dunng the second week of disease he devel- 
oped bronchopneumonia mth cough and hemorrhagic sputum Ag- 
glutinin titers rose from 1 20 to a maximal of 1 1280 On the 
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nineteenth day of disease he was given 30 0 cc of horse serum m- 
travenously, with additional mjections of 15 0 cc each on the twenty- 
third and twenty-fifth days There was marked dimcal improve- 
ment which lasted until the eighth day after the first serum mjec- 
tion At this time there was recurrence of fever, malaise, arthralgias, 
myalgias, headache, backache, lymph node enlargement, and profuse 
sweatmg A few small scattered urticanal wheals and patches of 
erythema accompamed these symptoms Despite these evidences of 
serum sickness the physiaan m charge deaded that the patient had a 
relapse of the infection even though serum had been given m ade- 
quate dosage He therefore gave mtravenously a fourth mjection of 
15 0 cc of horse serum There occurred promptly a severe chill 
which lasted for 40 mmutes, accompamed by cough, dyspnea, high 
fever, and mvoluntary defecation The symptoms increased rapidly 
in seventy with the addition of neck ngidity, profound psychotic 
S 3 miptoms, and complete refusal to take nourishment This condi- 
tion persisted for five days with marked loss of weight and the gradual 
supervention of symptoms of radicuhtis mvolvmg both arms The 
encephahtic and radicuhtic residuals necessitated a prolonged con- 
valescence of ten months before his usual work could be resumed 
If proper differentiation between serum sickness and tularemic 
relapse had been made the vmnecessary fourth mjection of serum 
would not have been given and the probabihty is verj’^ great that the 
serum sickness would not have progressed to such a degree of seventy 
Also, if goat serum had been used for the fourth mjection it is very 
probable that the memngo-encephalo-radicuhtis would not have oc- 
curred 


STATISTICAL ANALYSES 

Statistical studies confirmed and, m some respects, amphfied the 
chnical evidence that serum therapy modified favorably the course of 
the disease with respect to morbidity and to mortahty 

The upper part of table 9 shows the means, with their respective 
probable errors, for the durations of each of the selected measurable 
phases of the disease m the control and m the treated groups In 
addition there are shown for the treated groups the means for the 
duration of the mterval between the time serum was admimstered 
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and the tune complete recovery occurred, also the means for the day 
of disease upon which serum was given The lower part of the table 
shows the differences observed between the means for the control 
group and those for each of the treated groups, also the quotients of 
KfP E 1 which mdicate the statistical significance of these differences 


TABLE 9 

Comparuon of means from conird and trtaied pwps 


TXXAIXD TUATZ3> OH 

•ZTDZEmc oxirmTBi; 
13th DAT or IJTHOATOr 

DtfXASX DrtXAtE 

N - 191 N -409 


thirabon of 
Duease (mo ) 

DisabUity (mo ) 

Adenopathy (mo ) 

Fever (days) 

Pnmaiy lesion (days) 
Hospitaliation (days) 

Semm to-itcovery interval 
(mo) 

D»y of dtseiM Ktum wm clven 


3 80 ±0 08 2 
3 3fi ±0 08 2 
3 36 ±0 12 2 
31 59 ±0 99 26 
39 48 ±1 89 
31 15 ±1 31 



Stinifcanct of dlffereiua htveen means of canlrol panp and 



EAXLT TUATZD i. 3 LATX TUATED 

vumssta a ^ DUTzmtJtcr 

a ki 




Duration of 
Disease 
Disability 
Adenopathy 
Fever 

Primary lesion 
Hospitaliration 


The italic figures Indicate itatistlcally significant djJTercnccs 


The left hand column shows that statistically significant differences 
occurred between the means of the control group and the enUre 
treated group for all morbidity phases except the duration of primary 
lesions, and that this difference just faded to attain significance The 
center column shows that all of the differences between the control 
and the early treated groups were highly significant The nght hand 
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column shows that although serum was not given until the thirty- 
fourth mean day of the disease to the patients m the late treated group 
all the differences between the means of this group and those of the 
control group were significant except those for duration of pnmary 
lesion and duration of fever 

It may be noted here that it was not until the sixth year of the 
study that the annual analyses showed significant differences between 
the means for duration of fever of the control and the total treated 


Retotion of Durollon of Diseose 1o Tmie of Serum Administrotion 


Eorly Ireofed 1 - 

7 


2 05 Mos 


All treated 



2 76 Mos 


Late treoted 



2 97 Mos 


Untreated — — — — 3 80 Mos 

Fig 21 The diagram shows the advantage of early serum treatment m relation to 
duration of disease. The Imes are drawn to scale and show the mean duration of diseas^ 
m months, for all groups The mean day of disease upon which serum was administered 
IS indicated for the treated groups by the vertical lines and numerals To the nght of 
these cross Imes the horizontal Imes mdicate the serum-to-recovery intervals, to the left 
thej indicate the durations of disease before serum was admmistered Prolongation of 
morbiditj beyond two months was almost directly proportional to the time that was lost 
between the seventh day of disease and the day upon which serum was administered 


groups A companson of the yearly figures for the mean day of 
disease upon which serum was admmistered mdicates that this 
change was probably due entirely to the addition to the treated group 
of a large number of patients who were treated withm the first ten 
days of lUness dunng the 1936 local endemic outbreak 

A striking feature shown m the table is the almost equal duration 
of the serum-to-recovery mtervals of the total treated group and the 
component subgroups The significance of this is better shown m the 
Imear diagram m figure 21 It required shghtly less than two months 
for serum therapy to effect complete recovenes, regardless of whether 
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serum was administered on the seventh, twenty-surth or thirtj'-fourth 
mean days of disease Hence morbidity was definitely shortened in the 
subgroup m which treatment was given dunng the first twelve days of 
disease 

Additional evidence of the importance and usefulness of early treat- 
ment is presented in table 10, which shows the differences between the 
means of the early and late treated subgroups, their respective prob- 
able errors, and the indices of significance The difference with the 
greatest significance is that between the mean days of disease upon 
which serum was admimstered There were also highly significant 


TABLE 10 

St[nlfic4in£e of dtjerencu obstrwi ixtwtn the meanj of the eorJy and late treated groups 



Dimurxcc 

PITT 

TX- PITT 

Duration of 



Disease 

0 92 ±0 ]0 

9 4? 

Disability 

0 69 ±0 OS 

S 4P 

Adenopathy 

0 41 ±0 10 

4 23 

Fever 

8 41 ±0 10 

S 50 

Primary iealoD 

11 10 drl 14 

P 76 

Hospitalization 

3 85 ±1 12 

3 43 

Scrum to-recovery interval 

0 16 ±0 09 

1 79 

Day of dlseage scrum was given 

27 53 ±0 94 

2P 26 


The italic figurei Indicate statistically significant diUeitnccs. 


differences for all of the phases of morbidity studied except the bed 
ndden period 

Since scrum was used from two animal spcaes, and smce no clin- 
ical evidences of difference m relative effectiveness were noted, it 
seemed advisable to see if such differences could be discovered by the 
statistical method The means for 197 cases treated with goat 
scrum and for 377 cases treated with horse serum with their respec- 
ts c probable errors, and mdiccs of significance arc shown in table 11 
The only morbidity differences that attain significance are those be- 
tween duration for primary lesions and for bed ndden penods but it 
will be noted that the greatest difference, and the one with the highest 
degree of significance, is that between the mean days of disease upon 
which serum was admimstered It happened by chance Uiat the pa- 
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tients that received goat serum were treated ten days earlier than 
those that received horse serum This seems to account adequately 
for the two significant differences, espeaaUy smce the eight day differ- 
ence that was observed between the mean days of disease upon which 
serum was given to the total treated group and the late treated group, 
illustrated m figure 21, caused significant differences to occur between 

TABLE 11 


Companson of means goat serum vs horse serum 



GOAT BEXUU CASES 

N - 197 

nOBSE SEBUM CASES 

N - 377 

Duration of 



Disease (mo ) 

2 65 ±0 08 

2 86 ±0 06 

Disabdity (mo ) 

2 02 ±0 07 

2 33 ±0 06 

Adenopathy (mo ) 

2 36 ±0 07 

2 50 ±0 06 

Fever (days) 

23 90 ±0 59 

28 03 ±0 86 

Primary lesion (days) 

28 07 ±0 66 

35 61 ±0 89 

Hospitalization (days) 

20 31 ±0 85 

25 85 ±0 78 

Serum-recovery mterval (mo ) 

1 86 ±0 07 

1 82 ±0 06 

Day of disease serum given 

19 52 dbO 92 

29 41 ±0 93 


Stgmficance of differences goat serum vs horse serum 



DirrEBENCE 

DUF 

FX DIPT 

Duration of 



Disease 

0 21 ±0 10 

2 10 

Disabihty 

0 31 ±0 09 

3 42 

Adenopathy 

0 13 ±0 09 

1 41 

Fever 

4 13 ±1 04 

3 96 

Primary lesion 

7 54 ±1 11 

6 79 

Hospitalization 

5 54 d=l 15 

4 80 

Serum-recovery interval 

0 05 ±0 08 

0 06 

Day of disease serum given 

9 89 ±1 30 

7 59 


these groups for the same aspects of morbidity There is therefore 
no statistical evidence that the serum from either animal speaes was 
more or less effective than the other 

Smce there were two sources for horse serum, my laboratory and a 
commeraal laboratorjq it seemed desirable to test for any differences 
that might be disclosed by a statistical companson of the results 
obtained with each serum No chmcal differences were noted be- 
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tween the effectiveness of these senuns The upper half of table 12 
shows the constants for these groups The test for significance of 
differences between constants from these groups, m the loiver half 
of the table, shows that no difference even approaches significance 
There is no statistical evidence of any difference m effectiveness be- 
tween the horse serums from these two sources Of the 280 patients 

TABLE 12 


Comparison of means commercially prepared horse seruin vs auikor^s horse serum 



ctnocxaoAi. 

Botzs mmt 

N 

Atmol ■ Boxte srxtm 
N - lOJ 

Dtuation of 









Disease (mo ) 

2 

92 

±0 

07 

2 

86 

±0 

12 

DIsaHUty (mo ) 

2 

37 

±0 

07 

2 

34 

±0 

11 

Adenopathy (mo ) 

2 

51 

±0 

07 

2 

55 

±0 

13 

Fever (d»yi) 

27 

78 

±0 

83 

30 

to 

±1 

77 

Pnmary lesion (days) 

35 

72 

del 

04 

37 

02 

±1 

71 

Hospitalization (days) 

25 

40 

±0 

86 

26 

78 

±1 

71 

Scrum to«recovay Interval (mo ) 

1 

91 

d:0 

08 

1 

64 

±0 

09 

Day of disease serum vraa given 

23 

63 

d;l 

40 

33 

35 

±0 

98 


Sipilpcancs of differences commercial horse serum vs author’s horse serum 



rarrtuMz 

Brrr 

rjMjrrr 

Duration of 



Disease 

0 07 ±0 14 

0 SO 

Disability 

0 03 ±0 13 

0 23 

Adenopathy 

0 04 ±0 15 

0 27 

Fever 

2 33 ±1 96 

1 19 

Primary lesion 

1 30 ±1 71 

0 76 

Hospitalization 

1 38 ±1 92 

0 72 

Sennn-to-recovery Interval 

0 27 ±0 12 

2 19 

Day of disease serum Trai given 

4 72 ±2 42 

1 95 


who received commeraally prepared horse scrum 60 received it m the 
restored Ijophile form, the remamder in the usual hquid form It 
will be noted that there was only a fi\e daj difference between the 
mean days of disease upon which serum was administered to these 
groups, and that this difference is not statistically significant 
Table 13 shows the comparative rates of suppurative adenitis 
The first fine indicates that serum treatment reduced the frequency 
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of suppuration of nodes, and that this reduction was greater when 
serum was administered early The second Ime shows the rates 

TABLE 13 


Compartson of rales for suppitralm admilts 



CONTBOL GROUP 

N » 477 

TREATED CROUP 

N -= 534 

EARLY TREATED CROUP 
N “ 174 

Rates 

0 56 ±0 02 

0 42 ±0 02 

0 39 ±0 04 


Diff = 43 dtO 03 Diff = 27 ±0 04 

After deduction of cases m which suppuration 
occurred before serum was admmistered 

0 23 ±0 02 

0 33 ±0 04 


Tests by the usual statistical methods for the stabihty of the rates m the upper hue 
showed that each rate was highly stable Tests for the significance of the observed 
reductions m these rates showed that both differences were highly significant The rates 
in the lower hne are also highly significant but less rmpiortance is attached to them smce 
the deteimination of onset of suppuration sometimes mvolved the exercise of personal 
judgment. 


TABLE 14 

Compartson of casefatalUy rates 



COVTROL GROUP 
N- 598 j 

TREATED GROUP 

N- 598 ! 



Rates 

0 060 ±0 010 

0 038 ±0 007 

Diff 

= 13 d=0 013 

After deduction of deaths 
caused by cardiovascu- 
lar disease 


0 022 ±0 006 

Diff 

= 20 ±0 014 

After exclusion of cases 
in which serum was 
adrmnistered to pa- 
tients m the dymg 
state 


0 010 ±0 004 

Diff 

1 

= 30 ±0 013 


The rates m the upper hne arc stable The test for significance of the difference be- 
tween these rates showed that the difference is highly significant Although the other 
rates mdicated for the treated group are also highly significant httle importance is attached 
to them for reasons which appear m the text. 

after deduction of those cases m which nodal suppuration had oc- 
cured before serum was admmistered 
Table 14 shows a comparison of case fatahty rates The rate for 
the untreated disease has not been determmed satisfactorily, chiefly 
because of madequate reportmg I have postulated a rate of 6 per 
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cent which, m an opinion first expressed elsewhere (7), I beheve closely 
approxunates the true situation 

The statistical studies confirm the clinical opinion that serum 
therapy effected significant changes m the course of the disease with 
respect to all of the morbidity phases that were studied The most 
significant favorable modifications were observed when patients were 
treated before the thirteenth day of disease The evidence for reduc- 
tion m the case fatality rate is equally as strong No emphas i s is 
placed on the lower rates mdicated m the table smce the derivation of 
these rates involved the difficult and perhaps somewhat dubious 
matter of determimng modes of death and causes of death I have 


TABLE IS 

IHtlributlon of casts and of deaths accardtnc to age 


AOCt 



htoon 

0-9 9 

b|||B|^h! 

0 

Age inddcnce, 39 79 >Tai» 

10-19 9 


0 

Age »t death, 64.71 yeara 

20-29 9 


0 


30-39 9 


5 


40-19 9 


5 


50-59 9 


2 


60-69 9 




70-79 9 

iHIH 

1 


Total 

598 

23 



attempted to present all pertmcnt data that were obtainable and to 
mdicate how these tentative fatahty rates might be denved if these 
data were mterpreted m the manner mdicated 
Tularemia is essentially a disease of the most active and cntcr- 
pnsmg penod of hfe Table 15 shows the distribution of patients 
accordmg to age groups arranged m decades More than half of the 
cases occurred between ages thirty and fifty, and the age that con- 
tributed most patients was the fortieth year The largest number of 
deaths did not occur in the decade that gave the largest number of 
cases, but in the third higher one The modes for age madence and 
age at death arc given In this senes it is obvious that the greatest 
mortahty risk was for patients above sixtj years 
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Table 16 shows the distnbution of cases and of deaths grouped 
according to sex The close agreement between the theoretical ex- 
pectation and the observed number of deaths for each sex mdicates 
that m a random senes of treated patients sex is not a factor m 
mortahty 


INDICATIONS FOR SERUM TREATMENT 

If reduction m duration of morbidity, lessened frequency of sup- 
purative ademtis, and prevention or amehoration of the most frequent 
comphcations and sequelae of the infection are the end results that 
are desired these studies mdicate that the presence of contmumg 
sjTnptoms of the disease is an mdication for serum treatment The 
results will be better if serum is a dmini stered before the thirteenth 
day of disease Although I know of no other means to prevent the 

TABLE 16 


Dtslrthttlton of cases and of deaths according to sex 


SEX 

NIJUBEE or CASES 

KUUBEE or BEAXaS 

Male 

387 

13 

Female 

213 

10 


If the observed gross case fatahty rate is apphed equally to both sex groups the ex- 
pected number of deaths would be IS male and 8 female. 


serious consequences of certam of the less frequent comphcations and 
sequelae I hesitate to advise serum therapy as a routme measure for 
an infection with such a low mortahty rate It seems probable that 
most patients that have successfully weathered the mitial acute phase, 
those first seen dunng or after the fourth week of lUness, with fever 
gone or subsidmg, and with no apparent progression of localized 
visceral lesions, wiU have httle genume need for serum Smce serum 
can apparently be rehed upon to be effective as late as the mnth month 
from onset of disease it would seem better to withhold it from such 
patients unless evidences of persistmg disease or the appearance of 
comphcations should occur withm that time At this stage of lUness 
it is uncommon to see fresh development of pleunsy, pneumonia, 
pencarditis or pentomtis, although each has been observed 

Serum is mdicated whenever tulareimc pneumoma is present, and 
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the indication becomes urgent if confusion and delirium supervene 
Serum is espeaally mdicated m the typhoidal chmcal type of disease, 
and the mication is urgent if pneumoma is present The appear- 
ance of sustamed high fever associated with dehnum or other psychic 
changes is an extremely urgent mdication for immediate serum ad- 
ministration 

The presence of heart disease, espeaally coronary or rheumatic dis 
ease, is a defimte mdication for serum even if the disease appears to 
be moderate or mdd m seventy There is a greater need for serum 
for patients above fifty years than for younger mdividuals 

Serum cannot be recommended as an effective form of treatment if 
the infection has piersisted for more than ten months 

Goat serum is preferable for patients who are hypersensitive to 
horse serum, also for children and young adults smce they are more 
likely to be given horse serums for other infections m the future 
Goat serum should also be selected for additional treatment whenever 
previous use of horse serum has resulted m recent or present serum 
sickness 


Serum Dosage 

The foUowmg dosages were adopted to meet the above mdications 
for treatment Although there is considerable variation m the chn- 
ical momfestatioiis of the disease it is beheved that the recommenda- 
tions which follow should serve as a reasonably adequate gmde to 
optimal dosage The quantities given here refer to serum m the usual 
hquid form If restored lyophile serum is used the equivalent dosage 
IS one half of that stated The restored concentrated lyophile scrum 
IS preferred to hquid horse serum, and the contents of one vaculc 
should be administered m one dose, not m divided doses Since the 
concentration of serum protem has been doubled m the restored 
lyophile scrum the risk of fatal anaphylaxis to a patient hypersensi- 
ti\e to horse protein is mcrcased This scrum must nc\cr be given 
unless prcliminarj tests with diluted normal scrum have been made 
Scrum dosage for children below ten years is one thud that for 
adults, from ten to fourteen years it is one half that of the adult dose 
For adults with illness of usual serenty, without pneumoma or 
other visceral lesions, in athcr early or late stages of the disease, the 



80 


LEE EOSHAY 


dose IS 30 0 cc Additional amounts are seldom needed but if marked 
ameboration of symptoms, mdudmg a defimte and persistmg lowenng 
of temperature, does not occur wi thin seventy-two hours this dose 
should be repeated Patients with the t 5 rphoidal type should be 
watched with speaal care smce failure to obtam a satisfactory 
seventy-two hour symptomatic response usually occurs when there is 
pneumoma present which is not detectable by physical signs This 
should be mvestigated by chest films, and if pneumoma is disclosed 
an additional 30 0 cc should be given at once Whenever pneumoma 
IS discoverable by physical signs alone mitial dosage should be 60 0 
cc , administered m 30 0 cc. doses twenty-four hours apart If symp- 
toms of toxemia are severe the total amount should be given at the 
outset If marked improvement is not apparent m seventy-two hours 
an additional 30 0 cc is mdicated Patients with dehnum dunng 
the first week of disease should receive 60 0 cc. at once, and additional 
doses of 30 0 cc every eight to twenty-four hours until mental danty 
returns and is mamtamed Even when the general mdications are 
the same the higher frequency and the more rapid progress of visceral 
lesions m the typhoidal type usually necessitate twice the amount of 
serum that would be given to patients with any of the three bubomc 
tjqies The appearance of sustamed high fever assoaated with cere- 
bral symptoms should be met by immediate mjection of at least 90 0 
cc, of serum, and doses of 60 0 cc to 30 0 cc. should be given every 
eight hours until the temperature falls and dehnum disappears 
The psychic state is probably the best guide to adequacy of dosage 
Early treatment with twice the dosage mdicated above is recom- 
mended for patients with rheumatic or coronary heart disease 

SUMMARY 

The chief dimcal aspects of tularemia have been presented and dis- 
cussed in relation to pathogenesis, diagnosis and treatment A sum- 
mar}’^ of the expenence with vanous laboratory methods for early 
diagnosis has been presented A review of a six year expenence with 
serum treatment, includmg statistical analyses of the observed data, 
has been presented and discussed with relation to the observed or 
recorded chmcal, laboratory, and pathological results and findmgs 
Serum therapy effected significant reductions m both morbidity and 
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mortality Smce the estimate of the results of treatment was an 
mterpretabon of observations and data derived from many different 
sources opportumty is taken to refer to those papers dealing with the 
effects of serum treatment that have been published by others (29) 
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L UrmOBUCTTON 

In the past seven years there has been a striking reawakenmg of 
interest m infectious mononucleosis To a great extent this renais 
sance of attention can be attnbuted to the mtroduction by Paul and 
BunneU (136) m 1932 of the serologic diagnostic test whereby many 
instances of the disease, which would formerly have been entirely 
overlooked or only suspected, could be confirmed as examples of m- 
fectious mononucleosis Between 1928 and 1932 there were published 
several excellent monographs on infectious mononucleosis, notably 
those by Chevalher (33) of Pans, Glanzmann (70) of Berne, Lehndorff 
(105) and Schwarz (165) of Vienna, and Nyfeldt (131) of Copenhagen 
Tidy (186) in the 1934 Lumleian lectures reviewed the problem em- 
phasizing the observations made m the English epidemic of 1930 
It IS the purpose of the author to consider the subject in the hght of 
the broadened concept of infectious mononucleosis for which the 
Paul-Bunnell test has supplied such valuable proof Consequently 
greatest consideration will be shown for the hterature smce 1932 
In addition references wdl be made to a senes of 65 sporadic cases of 
the malady of which 17 have been previously reported (13), most of 
which have been studied at the Johns Hopkins Hospital m this same 
penod of time. 


n HISTOEICAI, 

A Earliest Descnplwn 

In general, Emil Pfeiffer is accredited with the first descnption of 
this disease Under the title “DrUsenfieber” he presented, m 1889 
a surprisingly comprehensive discussion of its clmical aspects (138) 
He emphasized parbcularlj the predilccbon for children of a general 
uifcction characterized by fever, cervical glandular swelling, and some- 
times enlargement of the hver and spleen Likewise he asserted that 
the glands do not suppurate, that abdominal pam may be a feature 
and that the angina present is not sufiiaentlj marked to serve as the 
primary cause of the illness That general glandular enlargement 
maj occur he failed to recognize 

Smce the essential chmeal features of glandular fever or infectious 
mononucleosis,! namely glandular enlargement and fever are asso- 

* These lenns will be used InterchangtaUy 
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dated with a variety of conditions, it is naturally difficult to attrib- 
ute with certainty the distinction of onginal descnption to any one 
individual Thus, Canthe (32) referred to a form of idiopathic glandu- 
lar enlargement seen in epidemic form m children which he reported 
m 1891 before the Medical Soaety of Hong Kong He stressed the 
predominant mvolvement of the glands about the stemomastoid 
musde, a feature that Pfeiffier had observed, noted the possible con- 
fusion with mumps when there was enlargement of submaxiUary or 
parotid glands, and recalled that the term “pecuhar form of mumps” 
was employed to designate the Astrakan disease in 1877 Filatow 
(61), m later editions of his Russian text book of diseases of children, 
considered that idiopathic ademtis, descnbed by him m 1885, differed 
from Pfeiffer’s disease m the presence of generahaed glandular enlarge- 
ment Actually, however, this conception approaches more closely 
the one held today than does Pfeiffer’s FmaUy Gourichon (77), m a 
comprehensive maugural dissertation, published m Paris m 1895, 
refers not only to the claims for priority of Filatow and Korsakow, 
but also to those of two other Russians, Kisel and Rauchfuss who 
presented a case at a meetmg m St Petersburg m 1888, under the title 
l 3 Tnphademtis Not imtil 1896 did glandular fever appear in the 
Amencan hterature when West (202) descnbed an epidemic of three 
3 'ears’ duration localized m eastern Ohio 

B Tenmnology 

Infectious mononucleosis is probably the most satisfactory term 
for this disease which is, m all likelihood infectious and which some- 
time m its course must be assoaated with an mcrease of mononuclear 
cells m the blood On the other hand neither fever nor glandular 
enlargement bemg essential signs, glandular fever is a less fittmg term 
These two names, infectious (or infective) mononucleosis, men- 
tioned by Baetjer (90) m 1915 but more properly mtroduced by 
Sprunt and Evans (174) m 1920, and glandular fever (Drusenfieber 
of Pfeiffer) are favored m recent hterature However many another 
appellation has been applied dependmg upon what particular aspect 
of the disease attracted the attention of the mdividual authors 
Thus, it has been called lymphoid-cell angma or monocytic angina, 
acute bemgn l 3 miphoblastosis, acute lymphadenosis, I’adenolymphol- 
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dite aigud bfinigne avec hyperleucocytose inod6r6e et forte mononu- 
clfcsc, or angina et polyad6nite aigues ffibriles lympho-monocyto- 
aqucs. 

C Developmcttlal Phases 

Chntcal Following tbe original description of mfectious mono- 
nucleosis, there appeared numerous papers most of which monot- 
onously repeated the climcal aspects of the disease Soon, however, 
passing mention was made of blood counts Gounchon (77), m 
1895, noted a mild leucocytosia Bums (28) reporting an epidermc 
of glandular fever m a Baltimore hospital m 1909, deserves credit for 
first calling attention to the changes m the differential formula of the 
leucocytes In addition to a leucocytosis “the small mononuclear 
elements of the blood seem to be the ones prmapally mcreased 
After convalescence there seems to be a still greater relative m- 
crease m the small mononuclear elements of the blood ” In this most 
important, but generally overlooked paper. Bums reports a case m 
which the mononuclear cells composed 86 per cent of the total leuco- 
cytes 

Eemaiological From tune to time, m the first two decades of the 
twentieth century, unusual mstanccs of dramatic recovery from 
Icucemia or peculiar blood responses to infections were encountered, 
some of which appicar to have been obvious examples of mfectious 
mononucleosis. TUrk (192), m 1907, was chagrined to discover that 
a > oung man, to whose family he had given the hopeless prognosis 
that the diagnosis of Icucemia chats, had soon completely recovered 
after the family consulted another phjmaan This patient’s blood 
at one tune contained 85 per cent mononudear cells In 1913, Cabot 
(31) gave the histones of two adults with glandular enlargement, 
mononudear increases m the blood and, m one, a streptococcal sore 
throat. These cases he differentiated from leucenua by the benign 
course and the fact that nathcr de\ eloped a lymphocytosis as high 
as is characteristic of the latter disease In the same j ear Marchand 
(1 14) reported several similar examples of adolescents with sore throat, 
fever, general glandular enlargement, splenomegaly and a lymphocy- 
tosis as high as 90 per cent, the course of one bemg compheated by a 
mild acute nephntis Under the tiOe “a case of lymphatic Icucemia 
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With apparent cure” Ireland, Baetjer and Ruhrah (90) recorded the 
story of a child with a lymphocytosis so overwhelming (97 5 per cent) 
that even then skeptical attitude could not dissuade the authors 
from condudmg that leucemia occasionally does not end fataUy 
That the cases of Cabot and Marchand were fundamentally ahke 
was suggested in 1915 by Osier and Parkes Weber m discussmg the 
case reported by HaU (82) of a young man who seemingly recovered 
from acute leucemia This conception was given further impetus by 
Deussmg (47) m 1918, when he encoimtered two children presentmg 
the clinical picture of diphthena without bactenological confirmation, 
whose blood showed an extreme mononuclear mcrease Both patients 
subsequently contracted diphthena, which further confirmed Deus- 
smg’s suspiaon that he had been dealmg with some unusual disease 
similar to the cases heretofore mentioned 

Spnmt and Evans (174), m 1920, crystallized the foregomg nebulous 
concepts by groupmg these vanous cases with six of their own as 
examples of tnfechoits iTiomnucleosts They emphasized the dmical 
picture as we now recognize it but m addition pomted out that changes 
m the blood were characterized by the presence not only of an mcrease 
of mononuclear elements but more especially by the appearance of 
several varieties of abnormal ceUs A year later Bloedom and 
Houghton (19) reported four cases of “acute bemgn lymphoblastosis’’ 
occurrmg m young adults, generally following an upper respiratory 
infection and frequently associated with the presence of Vmcent’s 
organisms m the mouth That this disease closely resembled m- 
fectious mononucleosis they admitted The subject was further 
mtegrated in the same year by Tidy and Morley (189) who felt that 
glandular fever and infectious mononucleosis were one and the same 
disease, representmg a unique dmical entity Longcope (109) ac- 
cepted the identity of the two diseases with shght reservation, after 
presentmg ten case histones of sporadic infectious mononudeosis 
vnth particular emphasis upon the hematological abnormahties and 
microscopic appearance of excised lymph-nodes Downey and 
IMcKmlay (49) studied the blood changes m infectious mononudeosis 
m such mmute detail that httle of importance m the stnct hemato- 
logical sense has smce been added 

Once more the progress of the understandmg of the disease Ian- 
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guished behind a cloud of discussion concerning the identity of mono- 
cytic angma, lymphoid cell angma, glandular fever and infectious 
mononucleosis The two last named conditions typically differ m 
several respects which are suffiaently striking to have provided a 
basis for their differentiation until qmte recently Glandular fever 
characteristically occurs m children’s epidemics, glandular enlarge- 
ment may not appear until late m its course, Ijunphocytosis is not as 
stnlang as m infectious mononucleosis which commonly attacks young 
adults m sporadic fashion with an early onset of glandular swellmg 
Indeed, not until recently was there serological confirmation for the 
conclusion that the two were fundamentally the same Monocytic 
angma, a term mtroduced by Werner Schultz (161) m 1922, and 
lymphocytic angina, likewise a European concept, were at first 
regarded as pecuhar individual hematological reactions to an ordmary 
throat mfection, although Schultz recognized the resemblance of his 
cases to those of TUrk, Marchand, Sprunt and Evans Schwarz 
(164), m a lengthy analysis m 1929, asserted that infectious mono- 
nucleosis, glandular fever and monocytic angma were identical diseases 
but as late as 1934 authors felt obbged to help substantiate this view 
Kocgcl (100), for example, reported two cases happenmg m his own 
children the boy suffered from a sore throat whereas the girl some 
weeks later developed the clmical picture of a generalized infection 
with general glandular enlargement and splenomegaly but no sore 
throat In both instances there were typical changes m the dif- 
ferential blood count whence Koegcl concluded that his son had had 
monocytic angma, his daughter glandular fever, and that both were 
manifestations of the same fundamental process 
Serological The third, or serological, era in the histoncal de- 
velopment of mfectious mononucleosis was ushered in b> the fortui- 
tous observation, published in 1932 by Paul and Bunnell (136), 
that the blood serum of patients with the sporadic form of this dis- 
ease ma> contain antibodies against sheep erythrocytes m concen- 
trations far above a normal titer This observation was made purely 
acadentollj m the course of a study of non specific serological reac- 
tions m a vanctj of clmical conditions So firmly entrenched among 
laboralorv procedures has the Paul Bunnell test become, that it is 
now widelj performed side b} side with the Widal and Wassermann 
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reactions With the finding by Nolan (128, 129) of positive serologi- 
cal reactions m a number of cases of glandular fever durmg an epidemic 
m 1935 m Coronado, Cahforma, another link was added to the chain 
of evidence for the identity of the aforementioned maladies Fmal 
proof of this hypothesis will be reached only when the etiological 
agent is discovered 


m DISTRLBUnON 

A Age 

From the earhest reports, all authors have emphasized the fact 
that infectious mononucleosis is a disease largely of children and young 
adults Indeed, with one or two exceptions (27, 189) m army ranks, 
epidemics have not been encoimtered m any group above the age of 
college students Of Pfeiffer’s ongmal 24 cases, 15 were imder 13 
j^ears of age Agam, although the epidemics studied by West oc- 
curred among a general population, aU the victims were between 7 
months and 13 years old Tidy and Morley (189) calculated that at 
least 80 per cent of all cases reported up to 1921 were under 13 years 
of age The apparent immumty of adults durmg epidemics may be 
quite striking as shown for example, m the well-known outbreak at the 
LawrenceviUe School (79) where with an attendance of 500 boys, 
there were 112 patients suffiaently lU to be admitted to the infirmary, 
aU but one of whom were students, whereas only one of 60 mstructors 
was stncken Of 220 cases m Nolan’s (128) Cahforma epidemic, 
which occurred among families of sailors of the Pacific Fleet, only 5 
were adults Davis (43) descnbed a nursery epidemic mvolvmg 
infants as young as 7 months of age, Pnce (144), hkewise, encountered 
a case m a baby of 7 months Tidy and Morley (189) refer to an 
infant of 4 months mentioned by Schaffer (155), but no such case 
appears m the reference given At the other end of the scale there 
have been patients 50 years old (39), 69 (51) and even 70 years (125) 
of age This last case occurred durmg an epidermc m the Falkland 
Islands m which 10 per cent of the sufferers were between 45 and 65 
years old, mdicating the susceptibihty, m an isolated commumty, of 
older people to an infection of childhood The morbidity among some 
adult immigrants was low whereas that among the natives was high 
In our cases, encountered among the population m and about a general 
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hospital as well as m pnvate practice, the youngest was 6 years, the 
oldest 36, 81 per cent being between the ages of 15 and 30 years 

B Sex 

In thic same group the inadence m males and females was as three 
to two, identical by comadence with the ratios m Glanzmann’s (70) 
senes of 160 cases and m Nyfeldt’s (131) of 33 Other authors have 
confirmed the greater susceptibihty of males 

C Occupatum, Color, Race 

The apparent frequency of infectious mononucleosis among mdmd- 
uals workmg about a hospital has been overemphasized Only one- 
third of our cases was limited to this group Sporadic cases, unless 
studied by the aid of repeated differential blood counts, may readdy 
be overlooked wMe medical students or nurses, promptly adnutted 
to the hospital for treatment of even a tnfhng illness, arc almost cer- 
tain to be correctly diagnosed by the routme methods of exammation 
This explanation, too, may account for the apparent pauaty of cases 
observed m the dispensary and pubhc wards as well as the ranty of 
infectious mononucleosis among negroes, of whom not a single one 
appeared m our cases Indeed but a smgle instance m a negro has 
been noted m the hteraturc (109) The disease probably has no raaal 
preference although in an epidemic followed at the London Hospital 
(74) 20 of the 27 cases occurred among Jews, a fact perhaps ascnbable 
to the area served by the hospital 

D GeograpJitcal 

Infectious mononucleosis has a world-wide distribution In addi- 
tion to Amcnca, Europe and Austraha, cases have been recognized 
in Egypt (145), the TaUJand Islands (125), Trmidad (34), the Philip- 
pines (85), Hong Kong (32) and Japan (97) In Japan there are a 
number of epidemic fevers whose identity with infectious mononu 
clcosis had been suspected but not until 1937, when positive Paul 
Bunnell tests were demonstrated, was this relationship established for 
the diseases known os tosa-netsu, tokushima netsu and kagami- 
nctsu (2) 
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E Seasonal 

Most of the epidemics have occurred m the sprmg (187, 74) and 
fall (128, 70) , cases m the summer are rare (202) This is not exactly 
m accord with our observations m sporadic mstances of the disease 
whose temporal distnbution was as mdicated m Table 1 Quite 
striking, m our experience, has been the regular appearance of one or 
more cases m the fall so that, on at least several occasions, the first 
patient to be admitted to the Isolation Ward, which opens early m 
October, was found to be suffenng from infectious mononucleosis 

TABLE 1 


Dislnbulton by months of cases of infectious mononucleosis 


MONTH 

KtTMBER OT 
CASES 

MONTH 

NUMBER OP 
CASES 

January 

4 

July 

9 

February 

5 

August 

5 

March 

2 

September 

7 

April 

2 

October 

12 

May 

7 

November 

4 

June 

0 

December 

7 


IV CLINICAL PICTURE 
A Introduction 

In several respects infectious mononucleosis is a rather extraordmary 
disease It may be so mild m its dimcal course that cases are entirely 
overlooked Thus, for example, after a school epidermc, many stu- 
dents not suffiaently lU to have sought medical attention were found 
to have enlarged lymph nodes (79) On the other hand the malady 
may run a severe course with high fever over a period of many weeks, 
possibly even with relapses, so that the victim is incapaatated for a 
number of months On a modest scale, mdeed, infectious mononu- 
cleosis can be said to resemble syphdis by virtue of its abihty to simu- 
late so many other diseases It may appear under the guise of a 
commonplace folhcular tonsilhtis or Vincent’s stomatitis, as a case 
of meningitis or jaundice, as an mstance of appendiatis, agranulocytic 
angina or acute leucerma Thus several of our cases had been given 
injections of pentnucleotide and one was given diphthena antitoxm 
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before the proper diagnosis was suspected Only by an appreaation 
of tbe multitude of clinical manifestations of infectious mononucleosis 
can more exact diagnosis be attamed and improper therapy avoided 
It IS this vanety of dimcal appearance that makes it most difficult 
to discuss the symptomatology of infectious mononucleosis Until 
recently it was unusual for any but the classical form of the disease, 
as described by Pfeiffer, to be recognized Durmg epidemics, to be 
sure, certam dmical variants were appreciated but there is no ques- 
tion that the large majonty of sporadic cases went entirely overlooked 
Smce no one has ever died of uncomphcated infectious mononucleosis, 
there was no satisfactory check on the many cases that must have been 
improperly classified as upper respiratory infections, influenza, and 
so on Certainly there is no doubt that infectious mononucleosis is a 
common afihction Otherwise it would be hard to account for the 
large number of sporadic cases reported m the past few years 

B CHntcal Types 

Certam authors have quite properly set up arbitrary classifications 
for the dmical types Tidy (186) mentions three forms the febrile, 
angmose and glandular While most cases can be fitted mto such a 
groupmg, its simphaty tends to bedoud an appreaation of the pro 
tean manifestations of the disease Indeed, the umque quahty of 
infectious mononudeosis is this vanabihty m the presentmg sign 
As a result papers have been wntten on the “hemorrhagic form” or the 
“ictenc form,” or, foUowmg Glanzmann (70) and ChevaUier (33), 
emphasis has been placed on the mdividual groups of glands mvolved, 
the thoraac, abdominal and ingumal types bemg noted For the 
purpose of discussion we conceive of infectious mononudeosis as a 
generalized mfcction whose only essential sign is, at some tune m its 
course, an macase m the mononudear dements of the blood IVith 
this ns a constant finding one may proceed to a description of the many 
dmical features which may be present either smgly or m combmation 
with one another 

That there are any important differential characteristics between 
epidemic and sporadic infectious mononudeosis is unlikdy It has 
been said that the most typical cases are the sporadic ones in which 
there IS usuall) a high mononudear count, while in epidemics the 
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vanations are considerable and the mononucleosis less marked (33) 
By this same reasomng children, who have for the most part comprised 
the cases encountered m epidermcs, have been considered to show only 
moderate mononuclear mcreases The fallacy m this argument lies 
m the fact that outside of epidemic times only the most typical cases 
are recognized, those with dubious signs or questionable blood changes 
being overlooked (4) Actually, however, there is just as much varia- 
bihty among the sporadic cases as shown by the appropnate apphca- 
tion of the Paul-Bunnell test 

C Epidemics 

Epidemics of infectious mononucleosis have been frequently re- 
corded usually under circumstances where the victims hved m close 
proximity to one another They have been observed, accordmgly, m 
colleges (206, 121), schools (79, 188, 121), foundhng homes (156), 
individual homes (189, 202), childrens’ hospital wards (43, 28), 
mihtary and naval bases (128, 162, 27) and m general communities 
(125, 158, 187, 70) 


D Period of Incubation 

There is a wide divergence of opmion concermng the period of 
incubation It has been considered to be one day (28), 4-7 days 
(162), 5-12 days (11), 7 days (202), 8 days (70), 11 days (43, 188), 
10-14 days (33), less than 21 days (126), 14-28 days (132) Two 
authors who reported mcubation penods of 11 days observed cases 
m which but a smgle exposure took place, so that this figure is probably 
most nearly accurate 


E Onset 

The mode of onset of infectious mononucleosis vanes widely In 
the majority of our cases sjmiptoms durmg the first four or five days 
of lUness were the vague constitutional complamts that accompany 
so many infectious diseases These were usually not sufliaently 
pressmg to necessitate a medical consultation untd several days had 
elapsed so that admission to the hospital, when mdicated, rarely oc- 
curred before the fourth or fifth day of lUness On the other hand an 
attack may start suddenly with a chill and rapid rise of temperature 
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Some cases arc so mild m their course os to go entirely unrecognized 
Dunng an epidemic 25 students were observed without either svmji- 
toms of infectious mononucleosis or glandular enlargement but who, 
nevertheless, had a mononuclear mcrease m the blood (4) Mention 
has been made previously of a similar epidemic wherem a number of 
students, subjectively entirely well, were found on routine exammation 
to have abnormally large lymph nodes (79) 

F Duration of Attack 

In general, the acute febrile stage of the disease lasts from 7 to 21 
days Barrmg relapses which may prolong the course to as long as 
6 months, the duration is rarely more than 1 month In our cases 
the duration of the acute phase was as follows less than 1 week, 16 
per cent, 1 to 2 weeks, 35 per cent, 2 to 3 weeks, 33 per cent, 3 to 4 
weeks, 14 per cent, more than 4 weeks, 2 per cent It should be 
understood, however, that glandular enlargement, splenomegaly or 
hematological changes may persist for months or even years A true 
chrome form has not been recognized Sprunt (171) followed an 
mdividual, who apparently remamed well for 2i years \nth generalized 
lymph node enlargement and changes m the blood suggestive of 
mfectious mononucleosis, only to observe the subsequent develop- 
ment of lymphosarcoma with a fatal termmation (173) 

G Initial Symptoms 

General The initial symptoms of infectious mononucleosis arc 
varied Assoaated with the fever there may be chiUs and sweats, 
headache, dizziness or famtness, malaise and retroorbital achmg 
Irritability at the onset and dunng the course of the illness is often 
unpressive Fatigue, prostration and asthema may seem out of 
proportion to the apparent seventy of the illness (129), so much so 
that French authors speak of an “asthemc form” of the disease (5) 
Anorexia is common, nausea and vomitmg less so There maj be 
present the usual sjTnptoms of an upper respiratory infection such as 
rhmitis, hoarseness or cough 

Sore throat There is general agreement that sore throat, although 
frequently present, is not an essential feature of infectious mononu- 
cleosis (188, 33) It may be considered, therefore, a complication 
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of the basic disease in the same sense that memngitis is a comphcation 
of meningococcus septicemia or mouth lesions a comphcation of 
agranulocytosis The temporal relation of sore throat is vanable 
it may precede the disease, be assoaated with the onset or course of 
the illness, or make its appearance after recovery has taken place 
Signs of throat infection were present m 78 per cent of McEanlay’s 
cases (50) , in 77 per cent of ours, m all but 3 of whom there occurred 
subjective complamts referable to the throat Sore throat was of 4 
types (16) diffusely mjected throat (34 per cent), foUicular tonsilhtis 
or pharyngitis (40 per cent), ulcerative pharyngitis (19 per cent), 
membranous phaiyngitis (7 per cent) 

Patn in neck Pam m the neck may occasionally herald the onset 
of infectious mononucleosis precedmg, m one of our cases, the appear- 
ance of fever and sore throat by 12 days Combmed with stiffness 
of the neck, this pam may become so striking as to raise the question 
of menmgitis Both symptoms are probably referable to enlargement 
of the posterior cervical glands 

Abdominal pain In three fourths of West’s cases (202) there was 
penumbihcal pain dunng the course of infectious mononucleosis 
Abdommal pain, rare m our cases, has led to a supiaon of appendiatis 
(188) Davidsohn (38) reported the history of a young man whose 
illness began with generalized abdommal pam later locahzmg m the 
lower portion, accompamed by constipation and tenderness m the 
right lower quadrant He was saved from an unnecessary operation 
when a blood smear revealed a mononucleosis of 84 per cent David- 
sohn suggests that certam cases with acute abdommal symptoms, m 
which operation revealed an appendix which was normal except 
for lymphatic hyperplasia accompamed by swollen mesentenc lymph 
nodes, may have been mstances of infectious mononucleosis Such 
cases have been operated upon (74, 70) and a correct diagnosis reached 
durmg convalescence from the superfluous surgical procedure The 
abdommal pam is attnbuted to enlarged mesentenc nodes which could 
be palpated m over a third of West’s cases 

Gaslroinieshnal tract, joints Pfeiffer, m his ongmal descnption, 
appreaated the frequency of constipation It has been our experience 
that this sjTnptom is often stnkmg while diarrhea is rare Arthralgia 
IS an unusual feature m the course of infectious mononucleosis but one 
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of our patients, m whom pam m the knee and fever were the imtial 
symptoms, was at first thought to have acute rheumatic fever 

H Temper alure 

Fever, the duration of which has already been noted, usually ap- 
pears promptly, may reach a peak withm several days, but generally 
not for 4 to 8 days It usually assumes a remittent form, with 
afternoon rises, disappeanng by lysis although crises are not unknown 
(144) In one of our cases the highest temperature recorded was 99°, 
mdeed a completely afebnle course has been observed (189) Con- 
versely, marked elevations of temperature are common, the peaks 
attained m our senes bemg as follows 98° to 99°, 2 per cent, 99° to 
100°, 8 per cent, 100° to 101°, 16 per cent, 101° to 102°, 23 per cent, 
102° to 103°, 18 per cent, 103° to 104°, 33 per cent Excessively high 
fever has been reported 104 8° in a youth of 20 (68), 105 3° in a 
woman aged 30 (109), 106° m a child of 12 (58) As a rule the tem- 
perature parallels the course of the disease. Particularly character- 
istic IS the secondary nse after an imtml drop to normal, which may 
appear comadent with the late onset of glandular swcllmg or sore 
throat (121) A fractional degree of fever, not uncommonly persist- 
mg after all symptoms have disappeared, can safely be disregarded 
insofar ns the activities of the patient are concerned Tidy (187) 
refers to instances in which pyrexia has lasted six months or more 
without any obvious recurrence of enlarged glands In general the 
superficial glands in these cases are only slightly, if at all, mcrcased in 
sire. Involvement of mtemal lymph nodes has been evoked, there- 
fore, to explain this prolonged fever as well as the abdommal disturb 
anccs by which it is often accompamed 

I Pidsc 

As a rule the puke rate runs parallel with the temperature but not 
infrequently may be conspicuously slower Thus, m the London 
epidemic of 1930, Gooding (74) remarks “The pulse rate was, in 
uncomplicated cases, slower than would have been c.xpcctcd in view 
of the temperature A pulse rale of 92 with a temperature of 102° 
was the rule rather than the exception ” Similarly pulse rates of 88 
(59) or 84 (8) with temperature 103 8°, 80 wth 103° (86) hare been 
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reported In one of our cases with fever of 103 4° not only was there 
a bradycardia of 84 but the pulse was suffiaently dicrotic in character 
to suggest a tentative diagnosis of typhoid fever That a slow pulse 
may be a manifestation of menmgeal involvement is suggested by 
several cases m which bradycardia accompanied abnormahties m the 
cerebrospmal fluid Gsell (78) reported the case of one youth who, 
in spite of high fever, had a pulse of 80, and of another with a pulse of 
60, m both of whom the spmal fluid was under mcreased pressure with 
a pleocj’^tosis Increased mtracramal pressure is not necessarily 
directly responsible for the slow pulse, however, as evidenced by a 
case with bradycardia, pleocytosis m the spmal fluid but normal 
pressure (57) It may weU be that m at least some of the mstances 
of infectious mononucleosis with bradycardia there was an associated 
meningitis which went unrecognized 

J Glands 

General remarks Considerable vanation has been observed m the 
time of appearance, size and distnbution of the enlarged glands, and, 
indeed, even in their presence or absence Enlarged glands may be 
the first mdication of illness, precedmg fever sometimes by weeks (85) 
In the followmg case enlarged glands antedated both fever and 
changes m the blood (16) 

A 29 year old clerk noted a tender gland m the left midcervical group 
On the following day there were new glands on the left side of the neck 
with temperature 100° Two days later with fever 102 4°, enlargement of 
the left cervical, supraclavicular and axillary nodes, there was a leucocytosis 
of 12,000, 60 per cent piolymorphonuclears, 38 per cent lymphocytes, 2 
per cent abnormal lymphocytes In another four days the temperature was 
approachmg normal but now out of 12,000 leucocytes only 18 per cent were 
polymorphonuclears, with 76 per cent l3Tnphocytes and 6 per cent abnormal 
lymphocj’les Two days more and the patient was well with temperature 
98° At no time was there sore throat or splenomegaly 

Enlarged glands may emerge m the first ten days of fever (33) In 
most of Scheer’s (156) cases they appeared one or two days after the 
onset of fever, hkewise m West’s (202) On the other hand glandular 
enlargement may not set m until late m the febrile period (79), after 
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18 (36) or even 25 days (11) of fever In a few of MiU’s cases glandu- 
lar enlargement developed after the temperature had been normal for 
some days (121) 

Enlarged glands may appear very suddenly, m one case an occipital 
gland, not palpable at the onset, became the size of a small walnut in 
24 hours (74) Sometimes conspicuous enlargement is noted m 12 
hours or less (188) The duration of enlargement is most variable, 
it may be as long as a year (33), or as transitory as a daj or two 
Most important, moreover, are instances of infectious mononucleosis 
without penpheral glandular enlargement at any time m their course 
Glanzmann (70) refers to cases with typical blood count and enlarged 
spleen, the “splenomegahc form,” and those with blood changes, en- 
larged liver and spleen, the “visceral form”, both without demon 
Btrable glandular enlargemenL Parkes Weber (197) encountered an 
adult with fever, a transitory positive Wassermonn reaction, and a 
typical blood count, but neither enlarged glands nor spleen In a 
second similar case, without serological changes, there was epigastric 
discomfort at the onset, suggestmg mvolvemcnt of visceral lymph 
glands (198) Tidy (187) suggests that infectious mononucleosis 
with no glandular enlargement whatever is rare, co mm enting as 
follows “Cases ore on record with severe constitutional sjmptoms, 
prolonged pyrexia and late development of lymphocytosis, but with 
no recognizable enlargement of the superfiaal glands In most of these 
there is evidence of involvement of mesenteric or mediastmal glands ” 
In a recent case, assoaated with a false posihve Wassermann and a 
characteristic blood smear, confirmed by the Paul-Bunnell test, 
ph)Eical exammation was entirely negative (86) Since glandular 
enlargement may come on so rapidlj and disappear almost as 
promptly, it is apparent that a moderate degree rmght escape detec- 
tion unless sought for at frequent mtervals Particularly is this true 
in the case of healthy young people m whom small cervical l>mph 
nodes arc so commonlj palpable In several of our cases glandular 
enlargement was minimal but, with attention directed to the point, 
a few nodes were always felt In one of these, previousl> reported 
(Case 16), m which the diagnosis of infectious mononucleosis ivas not 
established until a positive Paul Bunnell test was found six weeks 
after rcco\cr>, “small glgn^-atnliii the jaw” had been 
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noted during the acute phase of the illness, but since no one suspected 
the proper diagnosis at that tune this observation was entuely dis- 
regarded (13) Shght glandular enlargement can readdy be over- 
looked durmg a casual examination, therefore, unless one is ac- 
quamted with the normal size of the mdividual’s lymph nodes 

Size Enlarged glands ordmarily attam a moderate size, 1 to 2 
cm m diameter, but may become as large as a plum (156) They may 
be smgle or m clumps but are almost always discrete They are firm 
and usually there is httle reaction about them Tenderness is gen- 
erally minimal although m one of our cases, assoaated with a severe 
foUicular tonsilhtis, the cervical glands were extremely tender 

Cervical Most frequently mvolved of all groups are the cervical 
glands Early observers noted the typical enlargement of the glands 
about the sternocleidomastoid muscle, first on the left side, subse- 
quently on the right (202) Sometimes, however, the cervical en- 
largement remams unilateral but withm the next few days enlarged 
glands usually appear m other sites The postenor occipitals, sub- 
mentals, axiUanes, epitrochlears and mgumals are commonly affected, 
while other groups are mvolved less often Occasionally enlarged 
glands appear m unusual regions 

Aocillary Glanzmann (70) mentions a young girl whose lUness 
started with fever and pam m the axilla, with primary enlargement 
of the axillary glands to the size of a hen’s egg Her cervical glands 
were not enlarged, which suggests a resemblance to Haberfeld’s 
disease, an acute infection supposedly transrmtted by ticks m Brazil, 
assoaated with general glandular enlargement most marked m the 
axillae (80) 

Inguinal As long ago as 1897 attention was directed to cases of 
mfectious mononucleosis m which mgumal glandular enlargement was 
tlie presentmg sign Williams (204) remarked on certam analogies 
to “non-venereal bubo” and repeated the idea of etiology then in 
vogue, namely, that the disease was secondary to mvolvement of 
mesenteric glands through an original entrance by way of the gastro- 
inteshnal tract However, ChevaUier (33) claims the distmction of 
first recogmzmg the “mgumal form” of infectious mononucleosis and 
it IS certainly the French authors, above all others, who have stressed 
the occurrence of mgumal glandular enlargement as the mitial mam- 
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fcstation of the disease (103, 149) They eveo propose a venereal 
transmission of the malady but, as wiU be noted later, it is important 
to differentiate this variety of mfecbous mononucleosis from lympho- 
granuloma mgumale Certainly there would have to be confirmatory 
serological evidence for such a case as follows (12) 

A 15 year old boy with mguinal glands the size of a small hen’s egg, but 
with no fever, general glandular enlargement or splenomegaly, had a leuco- 
cyte count of 11,260, polymorphonuclears 44 per cent, mononuclears 56 
per cent. 

Medtasltnal That the mediastmal glands may be mvolved is cer- 
tam, and it may bo that these are occasionally affected in the absence 
of pcnphcral glandular enlargement as suggested by Tidy and 
Daniel (188) 

A 9 year old girl apparently recovering from chicken poz suddenly de- 
veloped, on the sixth ^y, a temperature of 104° She seemed quite ill, 
complained of abdommal pain and 3 days later a shght cough appeared 
There was no general glandular enlargement or splenomegaly but examma- 
tion did show mdefinite pulmonary signs consistmg of dulness at both bases 
without change m breath sounds After 6 days of high fever her tempera- 
ture fell by lysis but on the followmg day, a younger brother developed 
enlarged cervical glands and ran a course characteristic of glandular fever 
Both children recovered completely 

The authors conclude that the unexplained fcbnlc illness of the sister 
maj , too, have been glandular fever, with localization in the mcdias 
tinal and mesenteric lymph nodes Chevalhcr (33) remarks on a 
“respiratory form” of mfcctious mononudcosis with a pcrtussis-hke 
cough the presenting symptom, but does not consider that this neces- 
sanK mdicates enlargement of the tracheobronchial lymph nodes In 
the Berne epidemic (70) there were patients with cough such a marked 
feature as to simulate mediastmal tuberculosis or jiertussis Uni- 
lateral mediastinal glandular enlargement has been encountered (103) 
That actual enlargement of mediastmal glands occurs has been con- 
firmed bj roentgenological examination (7, 60, 109) In one of our 
patients, a bo> of 6 vears, there were indefinite signs of broncho 
pneumoma along with general glandular enlargement, splenomegaly 
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and a charactenstic blood smear The child recovered only to return 
a month later •without penpheral glandular enlargement but ■with 
changes stUl present m the blood and, once again, questionable pul- 
monary signs on the same side as before Unfortunately for our 
purpose the Paul-Bunnell test was negative m both attacks 

Mesenteric Enlarged mesenteric nodes were palpated m over a 
third of West’s (202) cases Glanzmann (70) discusses an “abdommal 
form” of infectious mononucleosis which, m his experience, never runs 
an acute course but may cause recurrmg pam mdistmguishable from 
from that of umbihcal or gall-bladder colic Tidy (186) m several 
cases was able to palpate definite abdominal masses which subse- 
quently disappeared, but considered this phenomenon a rare mam- 
festation, a conclusion ■with which we are m agreement 

Femoral Nolan (130) dwells upon the diagnostic value of what 
he terms the “nodal triangle,” a group of nodes convergmg at the 
inner aspect of the knee jomt, running along the great saphenous and 
accessory saphenous vems In this triangle there may be as many 
as 54 discrete nodes 

Suppuration Suppuration of glands is rare but probably occurs 
occasionally No doubt some of the cases of suppuration reported 
long ago were really examples of pyogenic cervical adenitis rather 
than infectious mononucleosis Thus Gourichon (77) casts doubt on 
the diagnostic accuracy of one of his predecessors, notmg that while 
glands had to be inased m 13 of Neumann’s 26 cases, surgical treat- 
ment was required m only one of his o^wn ChevaUier (33) is m accord 
■with the sentiment of his contemporaries that suppuration indicates 
a secondary infection and does not occur m uncomphcated cases 
However, instances of glandular suppuration have occurred during 
cpidenucs, when the diagnosis was beyond question (125), so that one 
must conclude that this comphcation does rarely happen This hap- 
pening could readily be antiapated, for example, in cases assoaated 
with acute foUicular tonsillitis Where bacteriological studies have 
been made, the offending organism m glandular suppuration has been 
the streptococcus, staphylococcus or influenza bacillus Such glandu- 
lar complications are frequently assoaated ■with retropharyngeal 
abscesses, which may precede or fellow them (156) Any of the other 
sequelae of upper respiratory infections may appear, otitis media, 
mastoiditis (77) or, as m one of our cases, sinusitis 
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K Salivary Glands 

Involvement of salivary glands is rare In 6 cases where the sub- 
majoUanes and sublmguals were affected, the former suppurated m 
4, the latter in 2 (77) Certam instances have been mistaken for 
mumps (69), particularly when there was parotid enlargement (166) 
In none of our cases were the sahvary glands mvolved Tidy and 
Morlcy (189) question the occurrence of salivary glandular enlarge- 
ment but Glanzmann (70) refers to specific mstances, suggestmg their 
resemblance to Mikuhcz’s syndrome In his own cases, as well as m 
others which he mentions, the course of this variety of infectious 
mononucleosis was mdd and afebrile, but the blood changes were qmte 
characteristic An analogy with Mikulicz’s syndrome is further supi- 
ported b> examples of enlargement of lachrymal glands (145), which 
mav well eiplam the puffy eyehds sometimes observed 

L Eyes 

Puffiness of the eyehds, sometimes referable to edema of the lids 
(162), appeared at the onset of one of our recent cases Although not 
seen as frequently, it may be ns stnkmg as is observed m trichmiasis 
The only other ocular sign of note is conjunctivitis, present m two of 
our cases This may be the presentmg sign at the onset of mfcctious 
mononucleosis, or even the initial sign, preceding fever bj four or 
five days Guthne and Pcssel (79) emphasize the drj' granular char- 
acter of the conjunctivitis which occurred m 8 or 9 per cent of their 
cases It was usually unilateral, sometimes was the only sign of the 
acute stage of the disease, and, when present, was endowed bj them 
with considerable diagnostic significance Schulz (162) found a fol 
liculat conjunctivitis during the first several da>s in 12 per cent of 
his cases In Becker’s (8) case this sign appeared at the end of the 
second week and was unilateral Other authors (113) consider con- 
junctivitis to be a frequent concomitant of mfectious mononucleosis 
Glanzmann’s (70) attention was frequentl> directed to the proper 
diagnosis when, noUng a follicular conjunctivitis at the onset of an 
illness, he would disco\er begmnmg glandular enlargement At first 
there maj be a jellowish exudate but this soon disajipcars The 
palpebral conjunctivae maj provide a fiery red background for the 
discrete, punctate whiUsh follicles, but the bulbar membranes may 
be intensely inflamed as well When unilateral, the conjunctivitis is 
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more likely to be on the left side Glanzmaim pomts out a similanty 
m the objective signs to those of trachoma It is of mterest that m a 
canme disease produced by the mjection of B monocytogenes there 
are many similarities to infectious mononucleosis m man, mcludmg 
a severe conjunctivitis (1) Photophobia has been reported at the 
onset of several cases (74, 174) 

M Herpes, Stomatitis 

Herpes labiahs is usually considered uncommon (189) although 
Glanzmann (70) noted its frequent occurrence m children One of 
several varieties of stomatitis is occasionally observed Glanzmann 
mentions a scorbutic-hke reddemng and sweUmg of the gums Like- 
wise the soft palate may be diffusely mjected, even m the absence of 
subjective s3rmptoms There may be tiny papular lesions on the 
palate which become confluent, or agranular appearance to the mucous 
membrane of the lower hp, both of which phenomena he attributes to 
lymphocytic infiltration In 4 of his cases aphthous lesions were so 
widely distributed m the mouth that the picture was that of an aph- 
thous stomatitis When assoaated with a spirochetal infection, any 
of the manifestations characteristic of Vmcent’s stomatitis may be 
m evidence, espeaally gmgivitis or ulcerative stomatitis 

N Pulmonary Signs 

Pulmonary signs at the onset are rare One instance of collapse of 
the lung simulatmg pleural effusion has been reported (74) Pul- 
monary findings assoaated with enlargement of mediastmal glands 
have already been discussed, comphcatmg pneumonia will be men- 
tioned later 

0 Cardiac Involvejnent 

Cardiac disturbances during infectious mononucleosis are unusual 
but certam sequelae have been reported which indicate that there 
may occasionally be mvolvement of the heart durmg an attack In 
one of Longcope’s (109) patients ventricular extrasystoles were noted 
both dmically and by electrocardiogram, but the latter method of 
exarmnation disclosed no other abnormahties Several Enghsh 
writers (99, 146) describe cardiac complications among a number of 
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cases of “epidemic cervical ademtis,” a disease which the authors 
themselves differentiate from glandular fever However, subsequent 
references to these papers m discussions of glandular fever prompt us 
to mention them, even though they may not stnctly belong here 
These cases were characterized by httle or no fever, sore throat, 
tonsilhtis and cervical glandular enlargement without general glandu- 
lar enlargement or splenomegaly In from 10 to 25 per cent of the 
victims, most of whom were adults, there appeared cardiac murmurs 
or evidence of a dilated heart at the end of the first week. The 
patients all recovered from the immediate attack, some with persistent 
murmurs, but several eventually developed subacute bacterial endo- 
carditis The authors felt that these cases were not instances of rheu- 
matic fever, but smee the reports antedate the era of blood counts, 
there is no particular proof, cither, that they represent examples of 
infectious mononucleosis More recently (52), m a definite case of 
mfectious mononucleosis which terminated fatally after a complicating 
empyema, there was disclosed at autopsy a small rheumatic like lesion 
on the mitral valve although there had been no dmical evidence of a 
valvular lesion Even more convincmg (22) is the story of a young 
girl, known previously to have a normal heart, who withm six weeks 
of recovery from infectious mononucleosis developed mamfestations 
of myocardial insuffiaency and was found to have the signs of mitral 
stenosis The process, interpreted as rheumatic, progressed, so that 
the patient died seven years later of myocardial failure (23) Despite 
the scantmess of these bits of evidence one wonders whether certain 
of the so-called rheumatic hearts encountered m mdividuals with no 
historj of rheumatic fever or its equi\ alents, may not date back to a 
seizure of infectious mononucleosis The effect of a severe attack of 
infectious mononucleosis upon an mdividual mth an already damaged 
heart may be to brmg on acute cardiac failure (39) 

P Spleen 

The apparent variation in the madence of splenic enlargement m 
different reports is partly referable, no doubt, to the vanable per- 
sistence employed in eliciting this sign Thus, m one group of cases 
(43) the spleen was palpable m 11 per cent, in another group (74) 
the spleen was palpable m 15 per cent, enlarged by percussion in 
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15 per cent more, in another (50) palpable m 42 per cent, m another 
palpable in 60 per cent (202) In our series the spleen was palpable m 
64 per cent of the cases, in Guthne and Pessel’s (79) the spleen was 
palpable in practically aU patients sufficiently dl to be confined to bed 
Tidy (186) concludes that the spleen is palpable m at least 50 per cent 
of cases and this is probably a fair figure The splenic enlargement, 
usually demonstrable by the end of the first week, may occasionally 
appear later The organ may remam enlarged for weeks or even 
months In a patient whose spleen descended 8 cm below the costal 
margm durmg the acute lUness there was stiU demonstrable enlarge- 
ment 7 years later (4) The degree of enlargement is usually moder- 
ate In our cases the edge generally descended 2 or 3 cm below the 
costal margm, m several mstances 5 cm , and m one case an entire 
hand’s breadth Rare examples of tremendous hypertrophy are 
known, the spleen reaching, m such cases, the crest of the ihum (7) 
Of particular mterest are those instances of mfectious mononucleosis 
m which splenomegaly is present m the absence of peripheral glandular 
enlargement (75) Other examples of this form have already been 
referred to m the section on glands 

Q Liver 

Cases with splenomegaly and hepatomegaly without adenopathy 
are recognized The liver is enlarged less commonly than the spleen, 
m our series, for example, m 12 per cent of the cases In one epidermc, 
however, the liver was palpable m 90 per cent (202), m another m 
100 per cent (43) On the other hand, m only one of Goodmg’s 27 
patients was the liver palpable (74) The edge of the organ may reach 
to a pomt 6 or 7 cm below the costal margm It has been suggested 
that the enlarged hver is a result of hepatitis (166) but it is usually 
assumed that the enlargement is caused by the mechamcal obstruction 
of enlarged l>anph nodes This may not necessarily be so, smce 
mstances of hepatomegaly without jaundice have been reported (60) 

R Jaundice 

Jaundice may appear m the absence of an enlarged hver This is 
illustrated by two cases m adults (170) m whom obstructive jaundice 
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and fever were the presenting features m the absence of sore throat 
or glandular enlargement These symptoms persisted for several 
weeks, the diagnosis bemg confirmed by a characteristic blood smear 
and a positive Paul-Bunnell test That certam instances of catarrhal 
jaundice with splenomegaly and lymphocjdosis may actually be 
unrecognized examples of mfecbous mononucleosis is strongly sug- 
gested by such a story Jaundice is not a frequent manifestation of 
mfecbous mononucleosis, bemg present in only 1 of our cases, but 
may become qmte mtense (177) The earhest case with icterus was 
reported m 1926 (112) This patient’s illness started with nausea and 
profound anorexia Withm the first week sore throat, cervical 
glandular enlargement and fever appeared By the end of that penod 
the hver was enlarged and the pabent presented the signs of a moder- 
ately severe obstrucbve jaundice which persisted for several weeks 
The most comprehensive discussion of the ictenc form of mfecbous 
mononucleosis is provided by de Vnes (48) who classifies it in three 
types (1) a form m which jaundice is the first symptom, followed 
subsequently by glandular enlargement This is illustrated by the 
last case above noted (2) a form, described first by Chcvalher, m 
which jaundice appiears along with glandular enlargement (3) a form 
m which jaundice, with or without fever, occurs as the only symptom 
Of this third type this author gives 3 cases, all afebrile, 2 of which were 
assoaated with leucopiema as low as 2,350 These were tno sisters 
who, after 10 or 11 days of vague prodromal symptoms, became 
jaundiced In the first of these two bny cervical glands appeared 
after the jaundice had gone, but the second pabent never developed 
any palpable glands In both there was a typical differential leuco- 
cyte count as well as a positive Paul Bunnell test The third case 
was that of a child who, 3 months after an attack of supposed cervical 
adenitis, became ill with jaundice, and on this occasion had a blood 
count suggesbve of mfecbous mononudeosis Over a year later, a 
third illness supervened, with general glandular enlargement, no fci’cr, 
tyiiical blood count and a Paul Bunnell test, performed for the first 
tune, positive DeVnes proposes the hypothesis that the second 
attack represented the ictenc form of mfecbous mononucleosis, the 
third attack the glandular form A somewhat similar case (113) is 
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described m an adult, who, a month after apparent recovery from an 
attack of mfectious mononucleosis with sore throat and general glandu- 
lar enlargement, became jaundiced 

6" P alter eas, Thyroid 

Pancreatic involvement, suggestmg further an analogy with mumps, 
has been assumed to account for rare mstances of glycosuna such as 
Scheer (156) encoimtered early m the course of 3 of his cases Infec- 
tious mononucleosis occasionally produces thyroid enlargement (4) 
One example of mild transitory hyperthyroidism has been noted (134) 

T Nephrths 

Heubner, discussmg Pfeiffer’s ongmal communication, mentioned 
that nephntis might be assoaated with mfectious mononucleosis 
Gourichon (44) refers to a number of early authors who confirmed this 
observation, among them Starck, Rauchfuss, Kisel, Hoerschelmann 
and Soca Among 270 cases reported up to 1921, nephntis appeared 
m 6 per cent (189) , a similar figure bemg given by Moir (125) m his 
87 cases It was present m none of our cases Nephritis appears 
t 3 Tically m the first or second week, mdeed, hematuna may be the 
mitial symptom of the illness (74, 188) In this early onset as well 
as m other respects, it differs from the nephntis accompanying strepto- 
coccal infections Abnormal constituents of the unne are predomi- 
nantly red and white blood cells and albumm, less commonly hyalme 
and granular casts are observed Ohguria is exceptional (77) , there 
IS neither edema nor retention of mtrogenous products (104) Renal 
function remams unimpaired, the course is bemgn, recovery rapid (11) 
and mvanable (8) Glanzmann (70) encountered 4 cases of hemor- 
rhagic nephritis, m one mstance the signs appearmg on the second 
day’’ of illness, m the others between the fifth and eighth days He 
notes that albummuna, which is usually proportionate to the hema- 
tuna, may’’ rise as high as 3 to 4 per cent, that pyuria may sometimes 
be marked enough to suggest pyehtis, and that shght elevation of 
blood pressure and cardiac dilatation occurred m but a smgle case 
Puffiiness of the lids, which may exist m the absence of any urmary 
changes, is not necessarily a nephntic manifestation It is possible 
that mcreased permeabihty of the renal capillaries which, as m ana- 
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phylactic purpura, could account for the urinary abnormalities, is 
merely a manifestation of the hemorrhagic diathesis that is not infre- 
quently assoaated livith infectious mononucleosis (70) 

U OrchUts, Leukorrliea 

In a single case orchitis was a comphcating feature (134) In young 
girls dunng convalescence, leukorrhea uncommonly appears (70) 

V Hemorrhagic Phenomena 

Of considerable interest are the hemorrhagic phenomena, so much 
BO that at least one maugural dissertation (30) is confined to this 
subject and other French authors report cases of “angme i monocyte 
i forme hfimorragique ” As early as 1895 it was recognized that a 
severe epistans might usher m the disease (77) This particular 
symptom, the most frequent of the hemorrhagic manifestations, has 
been reported repeatedly (S, 125, 188, 13, 68, 74, 121) The madencc 
of epistans vanes widely In some epidemics no mstances have been 
observed, there were 2 m Moir’s (125) 87 cases, 2 m our 65 cases, 8 m 
Tidy and Darnels’ (188) 30 cases, 21 in Douthwaite’s 28 cases (187) 
The bleedmg may be profuse but usually is mild, it may appear at 
any tunc m the course of the malady, particularly at the beginnmg, 
It may recur over a penod of several days In a smgle individual there 
occurred epistans, bleedmg from the gums and tonsils, and bloodj 
sputum, all m spite of a normal bleedmg and clottmg time with a 
negative tourniquet test (68) Conversely, in the presence of throra 
bocytopcnia, there may be no hemorrhagic phenomena, as m the case 
of a young man with a history of freejuent cpistaxes who, pecuharly 
enough, had no bleeding whatever dunng an attack of infectious mono 
nudcosis, m spite of a platelet count of 77,600 (35) That hematuna 
ma> be regarded as part of a hemorrhagic diathesis has been previously 
noted Likewise rectal bleedmg has been encountered both m a child 
(186) cmd an adult (91) 

Since there is a common behef that the absence of bleedmg is a dif- 
ferential diagnostic point from Icuccmia, it is particularly important 
to emphasize not only that the above phenomena may occur in infec- 
tious mononudcosis but cspcaally that the petechial and purpunc 
hemorrhages may appear in the skin and mucous membranes as well 
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Thus peteduae have been observed on the gums, palate (m 1 of our 
cases), uvula, buccal mucous membranes (30), bps (91) and conjunc- 
tivae (123) Purpunc lesions may occur anywhere on the body (187) 
There is a speaal group of cases m which features charactenstic of 
both infectious mononucleosis and thrombocytopemc purpura co-exist 
The essential data of such a case follow (13) 

A 16 year old female student with the history of a bleedmg diathesis, 
was admitted to the hospital because of epistaxis On exammation she 
presented the typical findmgs of purpura hemorrhagica fever, purpunc 
lesions on the skin, a palpable hver and spleen At no time was there 
general glandular enlargement The leucocyte count was 10,000, 54 per 
cent polymorphonuclears, 11 per cent large lymphocytes, 29 per cent small 
lymphocytes, 6 per cent monocytes, the platelet count 70,000, bleedmg 
time 25 mmutes, clottmg time normal The Paul-Bunnell test was positive, 
the Wassermann falsely positive After a blood transfusion the patient 
recovered from this acute illness but contmued to have thrombocytopema 
with recumng manifestations thereof Two years later, for example, for 
a penod of several days, she suffered from hematuria which was promptly 
alleviated by the admmistration of moccasm snake-venom 

The most reasonable mterpretation of such a senes of events would 
be that an attack of infectious mononucleosis preapitated an acute 
episode of bleedmg m an mdividual with chrome thrombocytopenia 
Israels (91) reports a similar mstance, with normal platelet count, 
however, occurrmg m a young woman known to bleed readily, who, 
comadent with an attack of infectious mononucleosis, suffered from 
hemorrhages from the lips and rectum Two other cases, identical 
with ours except for an absence of a chrome hemorrhagic diathesis, 
have been reported by h'lmot (123) and by Wilhams (187), indicatmg 
that acute as well as chrome thrombocytopemc purpura may appear 
comadent with infectious mononucleosis Furthermore, 3 similar 
instances have been desaibed imder the title “purpura hemorrhagica 
with lymphocytosis” (124), although Mmot concedes that they may 
represent atypical cases of infectious mononucleosis with pronounced 
thrombopemc purpura In view of our experience above noted, even 
though the Paul-Bunnell test was negative m the 1 case m which it 
was performed, we prefer to consider these last 3 cases m the category 
of mfectious mononucleosis with thrombocytopenia 
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W Venoiis Thromboses 

Venous thromboses are uncommon One definite example (121), 
and a questionable instance (74) of femOral thrombosis, have been 
recorded 


X Sktn 

In addition to purpuric eruptions (49) already mentioned, a host of 
other types of skm rashes have been observed As m so many other 
features, certam of the dermatological manifestations of mfectious 
mononucleosis were recognized early m its history Thus, Goun 
chon (77) , quotmg the experiences of some of his contemporanes, noted 
the occurrence of a morbdhform, an urticanal or an erythematous 
eruption 

A typhoid like eruption (140, 186) In Tidy’s experience m the 1930 
epidemic, this was present m the early stage of almost all the cases of 
the “febrile type” m which fever preceded glandular enlargement 
This maculo papular rash appears usually between the fourth and 
seventh days, most commonly on the fourth or fifth but occasionally 
as late as the tenth The spots are 2 to 5 mm m diameter, pink or 
pinkish brown m color, and may disappear on pressure There is 
usually only a smgle crop, numbermg anywhere from 8 or 10 to fairly 
numerous lesions, which fade m about 4 days The lesions are con 
fined pnnapally to the antenor trunk, less commonly they' appear on 
the back, lunbs or face In bnef , then, this eruption closely resembles 
rose-spots and has led to an erroneous diagnosis of typhoid (121) or 
paratyphoid fc\er (11) 

A morbilliform eruption (11, 186, 187) This may precede or follow 
glandular enlargement The lesions, at first discrete, may become 
confluent and occasionally leave a temporary residual pigmentation 
This sort of rash is said to be more common in children than adults 
(70), and nhen present may be diDicult to disUnguish from that of 
German measles 

A scarlatimform eruption (52, 78, 145) This ery thematous rash 
most common on the trunk and abdomen, may be followed by desqua- 
mabon and thus be confused with that of scarlet fever, particularly 
il sore throat is present 
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A typhus like eruption (11) Radford and Rolleston (147) reported 
two such cases m a mother and daughter 
Erythema nodosum In a case described by Lohe and Rosenfeld 
(107), lesions typical of this condition appeared four weeks after the 
onset, by which time the patient’s fever had disappeared 

Urticarial eruption (77) In one of our cases urticanal lesions ap- 
peared m one axilla on the second day, persistmg for five days In 
Gooding’s (74) case, this rash lasted but 24 hours 
Vesicular eruption Vesicles appeared on the forearms of one of 
our cases on the twelfth day, just after the temperature had fallen 
to normal 

These rashes are not always clearly differentiated so that the morbil- 
liform or the scarlatmiform may blend mto one another, resembhng at 
some stage of their evolution an erythema multiforme The madence 
of cutaneous eruptions m infectious mononucleosis is vanable, m our 
senes, for example, it was 9 per cent No doubt, with more careful 
and frequent observation, transitory rashes which are imssed under 
ordmary circumstances, would be noted 

Y Central Nervous System 

Qmte recently central nervous system abnormahties have been 
recognized Almost simultaneously, m 1931, Johansen (93) and 
Epstein aud Dameshek (57) were the first to descnbe such changes 
A typical case may be ated (89) 

At the onset headache was the presenting symptom Exammation 
showed general glandular enlargement and splenomegaly, 7,600 leucocytes 
with a characteristic differential count The Paul-BunneU test was positive 
There were 350 cells, almost aU mononuclears, m the cerebrospmal fluid 
Two days later signs of memngitis were quite marked mcludmg extreme 
hyperaesthesia m both feet Lumbar puncture showed 1,000 cells with a 
menmgeal type of mastic curve Two weeks after admission to the hospital, 
the patient was weU 

Altogether there have been at least 12 cases of infectious mononucleo- 
sis accompanied by a chmcal picture of serous memngitis Often the 
menmgeal symptoms antedate the signs of infectious mononucleosis, 
so that other mstances, m which changes m the blood and glandular 
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system were not repeatedly sought for, have doubtless passed under 
the guise of benign lymphocytic memngitis, encephalitis, or abortive 
pohomyehtis In one case (78), for example, the characteristic 
changes of mfectious mononucleosis did not appear untd the second 
week, some days after the abnormal changes in the spmal fluid were 
first determmcd The commonest imhal symptoms m this form of 
the disease are headache, the usual signs of memngeal imtation and 
blurrmg of vision In certain mstances there have been convulsions, 
stupor, or coma (39) The patient may be irrational and comba- 
tive (57) There may be stiS neck, positive Kermg and Babinski 
signs In some, but not all of these cases, there has been bradj cardia 
Bilateral optic neuntis, remnants of which were still visible a month 
later, has been descnbed (78) Changes in the spmal fluid will be 
discussed m detail in the section on laboratory findmgs, bneflj , they 
consist of a moderate pleocytosis, with or without mcrcased pressure, 
and usually with some alteration m the protem content and mastic 
curve 

In one case central nervous system signs, present dunng an mitial 
attack of infectious mononucleosis, recurred with increased violence 
dunng a relapse, with coma and convulsions from which the patient 
almost died (184) Spinal fluid changes may exist m the absence of 
dmical signs, conversely there may be chnical signs of menmgibs m 
the presence of a normal spmal fluid (58, 174) Thus, m 10 patients, 
Huber (89) found memngitis m 3, only 2 of whom had abnormal spmal 
fluids while lumbar puncture m 5 others, without memngeal signs, 
disclosed pathological findings m at least 3 Likewise Schmidt and 
Nytcldt (160) encountered abnormalities m the spmal fluid of 4 out 
of 5 patients, only one of whom presented the chnical signs of menm- 
gitis In view of the high mddence of neurological changes in their 
cases, the diagnosis of which was confirmed by the Paul-Bunnell test, 
these authors propose that routme lumbar puncture be carried out m 
all instances of infectious mononucleosis In an epidemic of 70 cases 
among children, with certain resemblances to the above descnbed 
condition, pleocytosis was found m 16 of 18 patients whose spinal 
fluid was exammed (190) 

Penpheral cranial nerscs are rarely affected In one Instance 
anosmia persisted after the patient had otherwise rccosercd (113) 



116 


ALAN BERNSTEIN 


One example of slight unilateral ptosis has been noted (57) In one 
case (78) a nght faaal palsy, appearmg on the twenty-first day of 
filness, was followed a week later by one on the left, both disappearing 
completely m less than 2 weeks This same author descnbes a uni- 
lateral faaal palsy of one week’s duration, which came on a month 
after apparent recovery from infectious mononucleosis The signifi- 
cance of central nervous system mvolvement is succmctly stated by 
Epstem (56) “ The crux of the whole problem hes m the larger 
concept of vanous systemic diseases of known and unknown etiology, 
givmg rise to changes m the central nervous system I am mdmed 
to beheve that such diseases as infectious mononucleosis may produce 
cerebral changes, and conversely that so-caUed lymphocytic memn- 
gitis, hke certain of the encephahtides, is merely symptomatic of some 
as yet unknown systemic disease ” 

Z Assoctatton with Other Diseases 

Certam dmical conditions are sometimes assoaated so mtimately 
with infectious mononucleosis as to be considered part of the disease 
Among these are Vmcent’s angma, folhcular tonsfihtis and purpura 
hemorrhagica Other diseases have occurred in assoaation with infec- 
tious mononucleosis but to such a limited extent that the assoaation 
must be regarded as comcidental In 6 of one series of 50 cases (4), 
there was an antecedent syphilitic infection for which the mdividuals 
were bemg treated at the tune of onset of infectious mononucleosis 
In another case (60) , m which enlarged mgumal nodes were referable 
to a chancre, seropositive primary syphilis was assoaated with a severe 
form of mfectious mononucleosis Agam, a case (203) appeared m a 
sailor under treatment for S 3 ^hihs, which he had contracted two 
months before An army man m Egj^t, under treatment for tertian 
malaria with qumme, atabrme and plasmoqume, developed infectious 
mononucleosis (145) The specific medications are mentioned smce, 
as wiU be noted later, certam drugs may produce a l)Tnphocytosis but 
no doubt of the correctness of the diagnosis existed here smce it was 
confirmed by a positive Paul-Bunnell test, as it was in another mstance 
where these two diseases occurred together (115) In a duld suffenng 
from nephrosis (7), infectious mononucleosis supervened without 
affectmg the course of the underlymg condition 
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Infectious mononucleosis may closely sunulate typhoid fever but 
the two maladies have appeared simultaneously (154) In another 
patient (163) typhoid fever was the mitial disease but wit h in 10 days 
of the onset, the characteristic blood changes of infectious mononucleo- 
sis were present and the Paul Bunnell test, first performed on the 
fourteenth day, was positive One of West’s (202) cases appeared 
dunng convalescence from scarlet fever, in 4 others the latter disease 
compheated recovery from infecbous mononucleosis An instance of 
what was presumably mediastmal glandular fever (188), began on the 
sixth day of chicken pox. Conversely, chicken pox may begm durmg 
convalescence from mfectious mononucleosis (109) In a child with 
a history of diphtheria three years before, a second attack came on 
several days after recovery from infectious mononucleosis (110) As 
has been observed with other compbeatmg infections, there was, com- 
ndent with the onset of diphtheria, a prompt polymorphonuclcosis 
with an maease from 50 per cent to 93 per cent within 2 days Two 
cases of mfectious mononucleosis (154) occurred in the course of 
lymphogranuloma ingumalc 

Assoaated pulmonary diseases arc of some importance smee these 
have produced several of the rare fatalities m mfectious mononucleosis 
Collapse of the lung at the onset has already been mentioned (74) 
There may be pleurisy and pneumonia (134), or pleunsj'' with effusion 
(142), appearing as compbcations A diffuse bronchopneumoma has 
been recognized as early as the third daj of illness m a patient who was 
desperately ill but who recovered after more than five weeks (58) 
In another case, bilateral bronchopneumoma with a fatal termmation, 
developed 8 davs after admission to the hospital (74) A young man 
died less than 4 weeks after the onset of infectious mononudcosis, of 
bronchopneumonia and putnd empyema (52) Whde the purulent 
pleural fluid was said to be sterde, it contamed occasional mononuclear 
cells similar to the abnormal ones found m the blood. 

A A Relapse 

Relapses are not uncommon In our senes three patients, after 
becoming afebnle, had a return of feser within 3 to 7 da>s In one 
group of 9 infants (43) 5 had relapses, the mterval between attacks 
surjang from 5 to 24 dai s In these, altliough the objective signs 
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One example of slight unilateral ptosis has been noted (57) In one 
case (78) a right faaal palsy, appearmg on the twenty-first day of 
illness, was followed a week later by one on the left, both disappearmg 
completely m less than 2 weeks This same author describes a uni- 
lateral faaal palsy of one week’s duration, which came on a month 
after apparent recovery from infectious mononucleosis The signifi- 
cance of central nervous system mvolvement is succmctly stated by 
Epstem (56) “ The crux of the whole problem hes m the larger 
concept of various systermc diseases of known and unknown etiology, 
givmg nse to changes m the central nervous system I am mdmed 
to beheve that such diseases as infectious mononucleosis may produce 
cerebral changes, and conversely that so-caUed l 3 maphocytic memn- 
gitis, hke certain of the encephahtides, is merely symptomatic of some 
as yet unknown systemic disease ” 

Z Assoctahmi with Ollier Diseases 

Certam dmical conditions are sometimes assoaated so mtimately 
with infectious mononucleosis as to be considered part of the disease 
Among these are Vmcent’s angma, folhcular tonsfihtis and purpura 
hemorrhagica Other diseases have occurred in assoaation with infec- 
tious mononucleosis but to such a limi ted extent that the assoaation 
must be regarded as comadental In 6 of one series of 50 cases (4), 
there was an antecedent sj^hihtic infection for which the mdmduals 
were bemg treated at the tune of onset of infectious mononucleosis 
In another case (60), m which enlarged mgumal nodes were referable 
to a chancre, seropositive primary s 3 ^hilis was assoaated with a severe 
form of infectious mononucleosis Again, a case (203) appeared m a 
sailor under treatment for syphilis, which he had contracted two 
months before An army man m Egypt, under treatment for tertian 
malana with qumme, atabrme and plasmoqume, developed infectious 
mononucleosis (145) The specific medications are mentioned smce, 
as will be noted later, certam drugs may produce a lymphoQ'’tosis but 
no doubt of the correctness of the diagnosis existed here smce it was 
confirmed by a positive Paul-Bunnell test, as it was m another mstance 
where these two diseases occurred together (115) In a child suffermg 
from nephrosis (7), infectious mononucleosis supervened without 
affecting the course of the undcrl 3 rmg condition 
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Infectious mononucleosis may closely simulate typhoid fever but 
the two maladies have appeared simultaneously (154) In another 
patient (163) typhoid fever was the mitial disease but within 10 daj s 
of the onset, the characteristic blood changes of infectious mononucleo- 
sis were present and the Paul-Bunnell test, first performed on the 
fourteenth day, was positive One of West’s (202) cases appeared 
during convalescence from scarlet fever, m 4 others the latter disease 
comphcated recovery from infectious mononucleosis An instance of 
what was presumably mediastmal glandular fever (188), began on the 
surth day of chicken pox. Conversely, chicken-pox may begm dunng 
convalescence from infectious mononucleosis (109) In a child with 
a history of diphthena three years before, a second attack came on 
several days after recovery from infectious mononucleosis (110) As 
has been observed with other comphcating infections, there was, com- 
adent with the onset of diphtheria, a prompt polymorphonudeosis 
with an inaease from 50 per cent to 93 per cent withm 2 days Two 
cases of infectious mononucleosis (154) occurred m the course of 
lymphogranuloma ingumale 

Assoaated pulmonary diseases arc of some unportance smee these 
ha\ e produced several of the rare fatahties m infectious mononudcosis 
Collapse of the lung at the onset has already been mentioned (74) 
There may be pleurisy and pneumonia (134), or pleurisy with effusion 
(142), appealing as comphcations A diffuse bronchopneumonia has 
been recognized as early as the thud day of illness in a patient who was 
desperatdy ill but who recovered after more than five weeks (58) 
In another case, bilateral bronchopneumonia with a fatal tenmnation, 
dc\ eloped 8 days after admission to the hospital (74) A y'oung man 
died less than 4 weeks after the onset of infectious mononudcosis, of 
bronchopneumonia and putnd empyema (52) IVhilc the purulent 
pleural fluid was said to be sterile, it contamed occasional mononudear 
tells similar to the abnormal ones found m the blood 

AA Relapse 

Relapses arc not uncommon In our senes three patients after 
becoming afcbnle, had a return of fever within 3 to 7 davs In one 
BToup of 9 infants (43) 5 had relapses, the mterval between attacks 
'■ary mg from 5 to 24 days In these, although tlic objective signs 
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during relapse were essentially the same as durmg the onginal attack, 
subjective sjonptoms were milder and the duration shorter Occa- 
sionally the relapse is more severe than the mitiai episode Usually 
the same glands that were ongmally mvolved become enlarged agam 
durmg the relapse and the abnormal blood picture returns (33) 
Where cervical glandular enlargement was ongmally unilateral, the 
relapse may be accompanied by swelhng of glands on the opposite 
side (74, 189) 


BB Recurrence 

Recurrences m infectious mononucleosis are rare In one mdividual 
two attacks occurred five years apart (152) Another patient suffered 
four attacks m three years (4) The recurrmg episodes do not neces- 
sarily assume identical forms so that m one, for example, jaundice 
may be the presentmg symptom, m another, glandular enlargement 
(48, 113) In one of Chevallier’s cases (33) there were two attacks of 
mgumal and one of axillary adenopathy withm seven months 

CC Contagiousness 

The transimssion of infectious mononucleosis presents certam puz- 
zlmg features but one must conclude that its contagiousness is low 
During epidemics, to be sure, multiple cases are frequently encountered 
m a smgle household Likewise, sporadic cases may affect several 
mdividuais m one house (100, 133, 189) However m not a smgle 
instance m our group, and notably among the medical members who 
hvc and work m mtimate contact with one another, could an infection 
be attributed to association with another patient Cases of infectious 
mononucleosis have been treated m the general ward without any 
spread of the infection (74) Conversely, cases have appeared simul- 
taneously m households, isolated from one another, without any obvi- 
ous direct method of transmission (202) The occurrence of sudden 
widespread outbreaks suggests that there may be earners 

DD Fatal Cases 

In not a smgle case has uncompheated infectious mononucleosis 
proved fatal The bemgn outcome m a disease whose course can be so 
severe and protracted may be attnbuted either to the youth of its 
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Victims or else to the \Tinety of antibodies which maj appear m 
response to the mfecbve agent. Most of the fatal cases that have 
been reported are probably not examples of infectious mononucleosis 
at all, but rather of generalized sepsis with general glandular enlarge- 
ment (77, 81, 103, 189) One of West’s (202) patients, “a dehcate 
child convalesang from scarlet fever,” died, but no further details 
are given One patient died of asphyma following a ruptured retro- 
pharyngeal abscess (125) Two fatahties are attributed to pulmonary' 
complications, bronchopneumoma (74) and empyema (52) 

EE Sequelae 

A number of patients with mfectious mononucleosis have been fol- 
lowed for many years without any sequelae of note (105) We know 
of one case, well 30 y ears after an attack One of Longcopc’s (109) 
cases developed tuberculous pleurisy six years later, a physiaan, not 
included m our group, died three years later of tuberculous menmgitis 
There is no reason to assume that these represent anythmg more than 
comadences that might occur in any group of young people It has 
been suggested that infectious mononucleosis may be an abortive 
benign form of acute lymphatic leucemia (63) Glanzmann (70) 
quotes Lenhartz’s hypothesis that infectious mononucleosis may be 
the primary stage of a chrome disease, followed by a latent period, 
and terminating m chronic lymphatic leucemia, analogous to the course 
of syphilis with the appearance of tabes or paresis m the late stage 

V LABORATORY EINDINCS 

A Blood 

Smee the time when abnormal blood lindmgs were first recognized, 
the suggestion has frequently been made that mfectious mononucleosis 
IS not a clmlcal entity at all, but rather a pccuhar individual reaction 
to a number of different mfectious agents Many instances of the 
disease have been observed, however, in which some secondary infec- 
tion eliated a normal polymorphonuclear leucocy tosis Accordmgly , 
ample evidence has accumulated to indicate that this hypothesis is 
unfounded so that today one rarely , if e\ er, hears it expressed Thus, 
in one case a pentonsillar abscess was accompanied by an outpourmg 
Of poly morphonudtars vhich, when tlie abscess was mciscd, disap 
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peared, leaving the original lymphocytosis (53) Similar phenomena 
have been assoaated with a complicatmg otitis media (161), diphthe- 
ria (110), or pneumoma (134, 74) An mjection of tj^hoid vaccme 
durmg an attack of infectious mononucleosis has produced a poly- 
morphonuclear mcrease, with a return to the origmal abnormal dif- 
ferential count within 24 hours (4) One of Sprunt and Evans’ (174) 
patients developed tonsilhtis three months later but this time with a 
perfectly normal polymorphonuclear response Such a case we have 
encountered 

A 24 year old medical student at the height of an attack of infectious 
mononucleosis had temperature 103 6°, general glandular enlargement, 
splenomegaly, sore throat, leucocyte count 7,960, polymorphonuclears 25 
per cent, l 3 miphocytes 75 per cent, positive Paul-BunneU test, false positive 
Wassermann Five months after recovery he returned with sore throat 
agam, temperature 104°, less marked general glandular enlargement, leu- 
cocyte count 7,500, pol 5 rmorphonuclears 55 per cent, l 3 anphocytes 45 
per cent On this occasion the Paul-Bunnell test and the Wassermann 
reaction were negative 

Earliest changes Before discussmg the blood changes it is neces- 
sary to recall what was said earher about the differences between 
epidemic and sporadic cases In all hkehhood the more consistent 
occurrence of extreme mononucleosis m sporadic cases is due to the 
fact that only the most typical mstances of the disease are recognized, 
while durmg epidemics even a shght deviation from the normal blood 
count wiU be suffiaent to cause a search for other manifestations of the 
disease In infants and children the earhest change m the blood may 
be a polymorphonuclear mcrease with a shift to the left, followed later 
by a lymphocytosis (157) On the other hand, lymphocytosis may be 
present from the start as m a nursery epidemic where routme blood 
counts disclosed a lymphocytosis a week or more before the onset of 
symptoms (43) Likewise m j’^oung adults, a transient polymorpho- 
nuclear leucocytosis may appear at the onset with a subsequent 
Ijunphocytosis which sometimes does not appear until the temperature 
has reverted to normal (79) Durmg the early days of one of our cases 
(13) not only was there a pol^unorphonudear leucocytosis of 87 per 
cent but an absolute Ijunphopema, 13 per cent of a total white blood 
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cell count of 6,900 This same phenomenon -was observed in a second 
case m which, dunng the prodromal penod, there was a polymorpho- 
nuclear mcrease with normal leucocyte count (16) Blood counts are 
usually not made until four or five days after symptoms have first 
appeared, by this time a well marked lymphocj'tosis is generally 
established In the great majority of cases, therefore, by the time 
the patient first consults a physician, there is suffiaent abnormahty 
of one sort or another m a blood smear to warrant repeated hemato- 
logical ejcammations, which withm the succeedmg week will almost 
always mdicate the correct diagnosis 
Leticocyle count At some stage of the illness the total leucocyte 
count is usually somewhat elevated The highest levels attamed m 


TABLE 2 

Uiikal leucocyte count in 6$ cases of infedtous monont4deasis 


txocooms C 01 WT 

roKortAOE or cases 

0- 8,000 

7 

8-10,000 

25 

10-15 000 

39 5 

15-20,000 

22 

20-25,000 

3 5 

25-30 000 

1 5 

Over 30,000 

1 5 


our cases, m almost a third of which they did not exceed 10,000, were 
as indicated m Table 2 

Withm the first week there may be a well-marked leucopema duo 
chiefly to reduction of the mj eloid cells but sometimes in part referable 
to dmunution of the mononuclear elements Thus, m one of our 
cases the Icucocyde count on the sixth day was 2,950, polymorpho- 
nudears 59 per cent, lymphocytes 41 per cent- Where leucopema 
exists at the onset, the leucocyte count mvanabiy rises to a normal 
level before fever has disappeared but seldom above that levd In 
our 7 cases of this tjTie with a count below 4,000, the leucocytes rose 
above 10,000 in only 2 Other examples of leucopema have been 
noted 2,400 (203), 2,150 (20), 2,000 (186), 1,500 (39) 

Extreme Icucocylosis is rare, not more than 10 instances of counts 
01 cr 40,000 have been recorded, all but three of these in infants or 
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children under 10 years of age The highest reported leucocyte coimt 
IS 63,000 (44) Tidy (186) ates others of 63,000 (Feer), 58,000 (Nel- 
ken), 54,500 (Feer), 41,200 (de Lange) In one of our cases, a child 
of 10 years, the count was 46,000, in the 7 month mfant studied by 
Price (144) the count was 44,200 The only adults in this group are 
a man of 35 with a leucocytosis of 42,000 (118), a woman of 22 with 
49,000 white blood cells (6), and a man of 47 with a count of 60,000 
(141) Such high counts are produced chiefly by a lymphocytic 
mcrease, the pol 3 anorphonuclears taking httle or no part m the process 
In general the leucocyte count parallels the clinical course of the 
disease A relapse, or the late appearance of sore throat, may be 
accompamed by a secondary rise of the white blood cell count Excep- 
tionally, as m two of our cases, the count may reach a peak comadent 
with or even a day after the disappearance of fever 

Myelmd cells In the presence of leucopenia, lymphocytosis, or a 
combmation of these two factors, there may develop a neutropema 
at times attaining profoundly low levels Tidy, (186) refers to cases 
in which the absolute number of myeloid cells fell below 1,000 750 
(Glanzmann), 250 (Glanzmann), 160 (Schmidhemy) A few other 
examples of granulopenia are 1,200 (59), 1,020 (139), 882 (39), 777 
(206), 510 (49), 368 (109), 48 (2 per cent of 2,400) (203) In two of 
our cases there was an extreme reduction of polymorphonuclears m 
one to 990 (4 per cent of 24,750), m the other to 800 (10 per cent of 
8,000) Neutropema, generally most conspicuous early m the disease, 
did not appear in these two until the third week of lUness, in one 
mstance the temperature havmg fallen to normal There may occur 
quahtative as well as quantitative changes m the myeloid cells, notably 
an mcrease of yoimger forms (58) The proportion of stab cells to 
segmented forms may be as high as 7 1 (177) This shift to the left 
may persist mto early convalescence (11) York and Eckley (206) 
stress the diagnostic worth of the high non-filament count which is 
absent m many of the diseases simulatmg mfectious mononucleosis, 
and emphasize the paradoxical presence of this sign which, m most 
maladies, mdicates an unfavorable prognosis 
Eosmophils As m other infectious diseases, eosmophils are typi- 
cally suppressed durmg the acute phases In two of our cases the 
eosmophils were 4 and 6 per cent, m the rest usually absent, occa- 
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sionally 1 or 2 per cent. Glanzmann (70), however, reports an eosmo- 
phiha of 9 per cent m several instances, of IS per cent in one. On the 
other hand, during convalescence the eosinophils commonly rise to 
5 or 6 per cent ns m several of our cases, infrequently to 9 per cent (8), 
to 12 per cent (118), or even IS per cent (70) 

Mononuclear cells To our min d mononucleosis at some stage of the 
disease is an essential sign although ChevaUier (33) suggests that m 
some instances this may be so slight that the diagnosis must be made 
only on the presence of abnormal cells Mononucleosis may exist 
even m the prodromal period but typically appears within the first 
four or five days of illness and rapidly reaches a peak withm a week 
or ten days In one of our cases the high pioint, 96 per cent, was not 
attained until well along m the third week, but this is exceptional 

TABLE 3 


Degru erf mmonucIeoHi in author’s cases 


rucoTTAoe or tioHowuaxAJt cttu 

mooriAox or cascs 

40-50 

4 

50-60 

9 

60-70 

26 

70-80 

33 

80-90 

23 

Over 90 

5 


The maximum values attamed m our cases arc shown in Table 3 In 
the two instances of mononucleosis below 50 per cent, only smgle 
observations were available No doubt further differential counts 
would have revealed a higher figure at some other time. The highest 
mononucleosis in these cases were 92 per cent m two, 90 per cent in one 
Other high values have been reported, 92 per cent (49), 93 per cent 
(39), 94 per cent (11), 96 per cent (109), 97 per cent (70), 97 5 per cent 
(90), but these are uncommon and statistics, in general, conform to 
our table above 

Ilaving reached a peak, the mononucleosis gradually diminishes 
over a penod of several weeks or months The excess mononuclears 
may disappear rapidly however, ns in two of our cases in the first, 
the leucocyte count was 14,150 on the eighth day with 70 per cent 
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mononuclears, on the fourteenth day leucocytes were 7,100, 34 per 
cent mononuclears, m the second the leucocyte coimt was 15,000 on 
the sixth day with 87 per cent mononuclears, on the twentieth day 
leucocytes were 6,800, 40 per cent mononuclears On the other hand, 
a mononucleosis may persist for 9 (121) or 10 months (193) In one 
of our cases, 15 months later, there were stiU 57 per cent mononuclears 
m 6,300 leucocytes Farley (60) records the remarkable story of a 
patient whose blood 6 years later was stdl abnormal, with 60 per cent 
mononuclears Even 10§ years after the origmal illness there were 
observed atypical cells charactenstic of infectious mononucleosis It 
must be borne m mind, therefore, that a l 5 Tnphoc 3 d;osis, or the presence 
of abnormal lymphocytes m a routine blood examination may, if no 
other explanation is forthcoming, be evidence of an attack of infectious 
mononucleosis months or even years before, so that specific mqiury 
may be pomted m that direction 

The character and nature of the mononuclear cells have been the 
basis of much discussion There are present, first of all, normal small 
and large lymphocytes, and monocytes Young lymphocytes are 
observed, mdeed, mitotic figures may be encountered m the penpheral 
blood (48,177), and there may rarely be a “shift to the left” of lympho- 
cytes just as m the myeloid components (51) The specific cells 
which give the blood smear of infectious mononucleosis its distmctive 
features are probably also members of the lymphocytic senes Most 
of the pioneers m the morphological descnption of these cells favored 
this ongm (4, 19, 188) Certam ones (4) were undeaded between a 
Ijonphoid or reticulo-endothehal source, pomtmg out that these same 
cells might appear m small numbers m other conditions, most of which 
were assoaated with enlargement of the lymph nodes, such as hyper 
thyroidism, typhoid fever, serum sickness, diphtheria, and staphy- 
lococcal and streptococcal ademtis Presumably, when there is 
hjqierplasia of lymphoid tissues, these abnormal cells, when present 
therem, may migrate mto the blood stream That the controversy is 
not yet settled is mdicated by an opimon expressed m 1937, that “both 
abnormal lymphocytes and immature monocytes occur” (91) 

The abnormal or “leucocytoid” lymphocyde is variable m size, 
structure and stainmg properties, this variabihty bemg a characteristic 
feature It ranges m size from that of a small lymphocyte to that of 
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a monocyte The nucleus, which may occupy a portion or almost all 
of the cell, may he round, bean-shaped or irregular, centrally or cc- 
ccntncally situated, and typically darkly, but coarsely stained The 
cytoplasm may be light but characteristically is deeply basophilic 
and vacuolated or “foamy”, a few azurophihc granules may be present 
A small proportion of these cells, as well as the normal small lympho- 
cytes, may show fenestrations in the nuclei, an appearance produced 
by actual holes piercmg the nucleus m vanous directions (133) This 
phenomenon may in certmn instances be related to the irregularly 
stamed quality of the nucleus Studies with supravitally stamed 
preparations led McLean (119) to conclude that the abnormal cells 
were neither lymphocytes nor monocytes but rather ‘Ijmphendo- 
thcliocytes ” More recent application of the same method, however, 
has produced evidence tor the Ijmphoid ongm of these cells, indicating 
that they are relatively mature but atypical (67) In infectious 
mononucleosis there is a constant dimmution of lymphocytes bcanng 
retractile granules, a feature which this same author considers of great 
diagnostic worth 

Erythrocytes Anemia of any appreciable degree does not appear 
unless assoaated with some complicatmg feature such as hemorrhage 
(91) or dietary defiacncy (144) In one of our cases the hemoglohm 
fell to 70 per cent at the end of the illness The fragility of the eryth- 
rocytes IS normal (16, 131) 

Platelets In a small number of instances, platelets have been re- 
duced Thrombocytopenia as low as 45,000 may exist in the absence 
of an> hemorrhagic phenomena (35, 92, 127), or along with bleeding 
manifestations as in the cases discussed m the clinical section Con- 
versely, a normal platelet count may accompany stnkmg evidences of 
a hemorrhagic diathesis (91) 

Bleeding and clotting time, tourniquet lest Blecdmg tunc maj be 
prolonged (187) as much as 25 minutes (16) Clotting time is not 
disturbed (68) Only 3 instances of a positive tourniquet test have 
been reported, in one no platelet count was made (187), m the second 
platelets were normal (30), m the third platelets were 70,000 (16) 

Blood groups Cases are normallj distnbuted throughout all the 
blood groups (13, 177) 

Blood chemistry No abnormality of the blood sugar or non protein 
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nitrogen has been observed The total proteins are not elevated 
although in view of the presence of such a vanety of antibodies as may 
occur one might expect an mcrease of the globuhn fraction (16) 
Where jaundice is present the ictenc mdex may rise to 50 umts (177), 
the van den Bergh reaction may be positive, delayed (16) or direct 
(177) biphasic and as high as 8 mgm per 100 cc Under such arcum- 
stances a bromsulphalem test may give evidence of impairment of 
hepatic function (136) 

B Wassemiann Reachon 

The occurrence of false-positive serological tests for syphihs has been 
discussed at length m a recent pubhcation (15) Such observations 
have been made by a number of authors (74, 86, 107, 145, 147, 195, 
198, 199) In 44 of our cases, where one or another of the serologic 
tests for syphihs was carried out, a transitorily positive reaction was 
encountered m 8, an madence of 18 per cent (15, 16) The Wasser- 
mann reaction was positive m 7, the Eagle test m 4 The Wassermann 
titer may run as high as 150 umts The duration of positivity is bnef, 
usually a matter of a few days, rarely as long as three months (96) 
The evanescent character of these positive serologic reactions (they 
generally revert to negative before the end of the third week) miti- 
gates agamst the hkehhood of recogmzmg all the mstances m which 
they occur They are mdependent of the presence of sheep-cell 
antibodies m the patient’s serum, as can be demonstrated by absorbmg 
out the latter without reducmg the Wassermann titer 

C Other Anitbodtes 

In addition to the substances producmg false-positive tests for 
syphihs there are a variety of bacterial antibodies which may be 
present The occurrence of a false-positive Widal reaction has been 
noted (13, 121) The serum of one young woman, with no history of 
typhoid fever or typhoid vaccme, agglutmated B typhosus and B 
paratyphosus B to a titer of 1 640, and B paratyphosus A 1 320 (16) 
In 19 of our cases where agglutination tests of one sort or another were 
carried out, one or more significantly positive reactions were obtamed 
m 31 per cent In one of these there were agglutimns agamst not only 
the enteric fever group but also B aertrj'^cke, B suipestifer and B 
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cntenditis These vanous antibodies disappear m a few weeks or 
months at about the same rate of speed as do the sheep-cell agglutinins 
Agglu tinins against B mehtcnsis have been found (13), likewise an 
isoagglutinin, an autoagglutmin and a rouleau-forming property (10) 
In general, however, isoagglutinins are not mcreased (40), nor is 
diphtheria antitoxm (194) 

D Unite 

Ordinarily no thin g more abnormal is found m the unne than the 
trace of albumm that may be encountered m any febrile fllness In m- 
stances of nephritis there may be gross hematuna early m the disease 
which returns agam after an mterval of quiescence, Albummuna, 
which IS usually In proportion to the hematuna, may rise as high as 
3 or 4 per cent Pyuna may be marked cyhndruna less stnkmg (70) 
Renal function lemams unimpaired (8) Early in the course of three 
cases a reduemg substance was found m the unne (156) Fairly 
large amounts of urobihn and bile may be present (16), m one senes, 
urobilmuna was noted in half the cases (97) Acetonuna may ap- 
pear (130) 

E Cerebrospinal Fltitd 

As already mentioned, there may be changes m the cerebrospmal 
fluid irrespective of whether or not there are chmcal signs of meningitis 
The pressure maj be moderately elevated Pleocytosis, usually 
below 200, may rise to 1 ,000 (89) , almost all the cells are mononuclears 
The sugar content is normal (57) The protem content ma> be m- 
creased and the Pandy test strongly positive (184) Inconstant 
abnormahties of the mastic curve are recognized (78) Even when 
the blood Wassermann is falsely positive, the cerebrospinal fluid 
Wassermann is negative (73, 107) Cultures have been negative with 
the exception of four cases, verified by a positive Paul-Bunnell test, 
from which Listerclla were isolated (160) 

F Baclenological 

Blood cultures have been umforml> negative Nyfcldt alone 
isolated from several cases an organism which he called B monocyto- 
genes hommis (131) Baclenological exammation of the throat has, 
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on occasions, revealed a high madence of Vincent’s spurochetes but 
normal controls may, just as frequently, harbor these same organisms 
(4) Nevertheless, a reasonable number of cases of infectious mono- 
nucleosis are assoaated with an acute Vmcent’s infection, an oc- 
casional one with a beta hemolytic streptococcus tonsdhtis, while m 
the majority of cases an mdifferent flora has been cultured from the 
throat (16) 

VI DIAGNOSIS 
A General Remarks 

As IS the case with many diseases, the diagnosis of infectious mono- 
nucleosis IS frequently overlooked either because the observer is not 
cognizant of its varymg manifestations or because he neglects the 
consideration of such a diagnosis When a child or young adult is 
found to have fever and glandular enlargement out of proportion to 
any local inflammatory condition, an exammation of the blood is 
obviously mdicated If, then, there is encountered an mcrease of the 
mononuclear elements, mdudmg espeaally the abnormal type of 
Ijmphocyte heretofore described, a tentative diagnosis of mfectious 
mononucleosis can be entertamed Fmally, the benign course of the 
illness with eventual complete recovery will further substantiate this 
conclusion Until 1932 some sudi process epitomized the usual cham 
of diagnostic events Even when the correct diagnosis was suspected 
early m the course of the disease, unf amihar or uncommon phenomena 
could turn the search mto a false channel, from which a return might 
not be accomphshed for days or weeks and only when the obvious 
recovery of the patient precluded the diagnosis of a more serious 
malady Not only, therefore, did the Paul-BunneU test provide a 
simple laboratory procedure whereby the diagnosis of infectious 
mononucleosis could be promptly confirmed, but by its apphcation 
there has been formulated a much more comprehensive conception of 
infectious mononucleosis as a systemic disease with a variety of 
manifestations Accordmgly we may digress for a bnef space to 
consider the historical background of this test which, although as 
empirical as the Wassermann reaction m syphilis or the Weil-Fehx 
reaction m the Rickettsial diseases, has aided so materially m advanc- 
mg the knowledge of infectious mononucleosis 
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B Heterophle AtUtbodtes — Etstoncal 

Heterophile antigens are substances which, when injected into 
certain animals, wdl ehat not only specific antibodies but nonspecific 
antibodies, the presence of these latter being demonstrable by their 
reaction with antigens other than those involved m their production 
One type of these, the Forssman antigen, is a substance which, when 
mjected into rabbits or a group of animals serologically similar, will 
call forth hemolysms and agglutmms against sheep erythrocj'tes 
Tarnguchi (185) m 1920 observed that when gumea pig heart, which 
contains Forssman antigen, was used as the antigen in the Wasser- 
mann test, there was considerable vanation m the abihty of the un 
knowi\ sera to fii complement, dependmg upon the amount of shcep- 
cdl hemolysm contained therem This vanable complement-lhang 
propierty could be modified by absorbmg out this hemolysm with such 
a Forssman antigen as guinea pig kidney Aware of the fact that 
normal sera imght contam fairly large amounts of shcepi-cell hemolysm, 
he concluded that this substance constituted a source of fallacy in 
the Wassermann reaction when alcohobc extracts of hcterogcncUc 
antigens such as gumea pig or horse heart, were employed 

In 1924 Hanganutziu (83), readmg the results of routine Wasser 
mann reactions, noted an instance of strong agglutination of the sheep 
red-cells This serum, which proved to contain a high titer of shcep- 
ccll antibodies, was found to belong to a patient mjected thcrapeuti 
callj ten days before with horse serum In this case, as well as in 
other scrum treated mdividuals whom he subsequently studied, he 
demonstrated increased amounts of agglutmms agamst red cells of the 
horse, gumca-pig and several other animals These antibodies ap- 
peared about the tenth or eleventh day after mjection and remained 
for a number of weeks, their presence was independent of the amount 
of serum administered or the number of injections In the serum of 
no individual untreated with horse scrum did the normally low titer 
of hcmagglutinms approach the high values seen in serum treated 
persons The essential features of these observations were confirmed 
two years later by Deicher (45), indeed, in Europe, the Paul-Buimcll 
test is often referred to as the Hanganutziu-Deichcr reaction In an 
effort to establish a serological test for acute rheumatic fe\ cr, because 
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of its dirucal similarities to serum disease m which Davidsohn (37) 
had found an mcrease of heterophile antibodies, Paul and Bunnell 
(136) studied sera from cases of rheumatic fever as well as from a 
group of hospital patients suffermg from other diseases In the serum 
of one of this control group, a high titer of sheep-cell agglutinins was 
demonstrated This patient had infectious mononucleosis 

C Paul-Bunnell Test 

Materials and normal values The materials required to determme 
the titer of sheep-cell agglutinins are the patient’s serum, a suspension 
of sheep red-cells, and physiological sahne solution (the determination 
of hemolysms requires, m addition, complement) The serum is 
mactivated for 15 mmutes at 56°C, if kept m the icebox, its potency 
remams constant over a penod of several years (16) Startmg with 
1 4, dilutions of the serum are earned out as far as is mdicated 
Sheep-ceUs, collected weekly, are washed three tunes, from them a 
0 67 per cent suspension of packed cells is prepared To each tube 
contammg 0 5 cc of diluted serum, 1 5 cc of the suspension of sheep 
cells IS added The tubes are shaken and placed m a 37° water-bath 
for one hour, then kept overnight m the icebox. The foUowmg morn- 
ing the tubes are gently inverted three times after which any tube m 
which there is macroscopic agglutmation of the sheep-cells is con- 
sidered positive The dilution of the serum m the first tube (0 1 cc 
to a final volume of 2 cc ), origmaUy recorded as 1 4, is actually 1 20 
Emplo3ang the more correct terminology, normal sera may contam 
sheep-ceU agglutimns up to a titer of 1 80 In one series of 300 
hospital patients, excludmg any with a history of recent horse-serum 
therapy, the titers of agglutimns were distnbuted as shown m Table 
4 (13) These values were essentially confirmed by several other 
mvestigators (41, 177) Females seem to have a shghtly higher 
average titer than males (181) 

In tnfecUons mononucleosis For the Paul-BunneU test to be signifi- 
cantly positive, then, sheep-cell agglutimns must be present to a titer 
of 1 160 or more Rarely a normal serum wiU give a titer of 1 160 or 
even 1 320 so that this test, like many laboratory procedures, must be 
interpreted m conjunction with the dmical findings The highest 
titers m our 65 cases of infectious mononucleosis were distnbuted as 
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indicated m Table 5 A host of authors have corroborated the ob- 
servation of increased titers of sheepi-ccll agglutinins in infectious 
mononucleosis (2, 29, 46, 71, 88, 106, 120, 122, 132, 137, 152, 168, 177, 
194, 201) All of these reports have been concerned with sporadic 
cases, m a smgle large epidemic (128) positive Paul-BunneU tests were 
encountered thus addmg a link to the chain of evidence for considering 
epidemic glandular fever and sporadic infectious mononucleosis 
different forms of the same disease 


TABLE 4 

Disifibuthm of she<p-cdl auluitntn ititn in 300 hospital paiicnU 
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The titer of sheep-cell agglutmins bears no relation to the se\'crit> 
of the disease or the degree of lymphocytosis ^^^uIe the usual titer 
ranges between 1 320 and 1 10,240, values as high as 1 81,920 (21) 
and 1 163,840 (55) ore occasional!) recorded In general, the titers 
of agglutinins and hemol)sins are closely comparable (183), rarely the 
hcmol)sinsaredistmctl) loner(25) It wHl be noted that in our cases, 
the Paul Bunnell test was positive in 92 per cent, of the fi\ c negative 
results, four were in children 11 years old or lounger MTulc most 
authors have found the reaction positive in a sunilorly high percentage 
of cases (135), Rosenthal and Wenkcbach (152) obtained positiic 
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results in only half their cases If the dinical picture is suffiaently 
characteristic, therefore, a negative Paul-Bunnell test does not pre- 
clude the diagnosis of infectious mononifdeosis any more than a 
negative Wassennann reaction rules out syphilis 

Time of appearance Almost “mthout exception the Paul-BunneU 
test IS positive, if it is gomg to become so at all, when first performed, 
for it IS usually not until 4 or 5 days have elapsed that the correct 
nature of the lUness is suspected In one case the titer of sheep-cell 
antibodies was 1 5,120 on the third day of the disease, mdeed this 
was the maximum titer attamed m that particular mstance (16) 
The test has been found positive on the fourth day (65) and, m a 
number of our cases, on the fifth or sixth The peak may be reached 
b}" the end of the first week, it is mvariably reached by the fourth 
week In a case m which sheep-cell antibodies are not mcreased, the 
test should be repeated for a month after the onset of illness before 
efforts to obtam serological confirmation of the diagnosis are relaxed 
Sheep-cell agglutinins may be mcreased several days before any dis- 
tmctive abnormahties are recognizable m the leucocytes, mdeed, m 
one case with a long prodromal penod, an elevated titer was observed 
12 days before the abnormal blood count was estabhshed (13) Like- 
wise a positive Paul-Bunnell test may antedate glandular enlargement 
or any of the other dimcal features 

Factors influencing titer The agglutmatmg titer of human sera 
for sheep erj'^throcytes is influenced by several factors, — the age of 
the cells (194, 201), the concentration of cells, the temperature at 
which the tubes are mcubated, and the length of mcubation (177) 
The practical importance of these vanable elements is to emphasize 
the necessity of carrjnng out the test under closely standardized condi- 
tions as otherwise it is impossible to evaluate border-hne results 
Serum, if kept m the icebox, will show no appreaable change m titer 
over a penod of two years (16) 

Duration of antibodies Obviously an important factor determining 
the duration of mcreased titers of antibodies is the height of the level 
attamed The duration vanes between wide limits Davidsohn, for 
example, observed abnormal titers m 10 cases from 26 to 114 days 
after the onset of illness with an average penod of 56 days (39) 
An elevated titer may disappear as rapidly as 2 weeks after its ap- 
pearance In our cases the earhest return to a normal level occurred 
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m one withm 7 weeks of the onset of illness (from 1 1280 to 1 80) 
but usually the mterval was 4 or 5 months In 2 cases mcreascd 
titers existed 5 or 6 months later (16) Thus one may be enabled to 
diagnose a case of infectious mononucleosis m retrospect long after 
recovery This we have done m several instances when a positive 
Paul-BunneU test was encountered months after mdividuals had 
recovered from a “fever of unknown ongm” m which careful scrutmy 
of hitherto overlooked clmical and hematological records gave support 
for such a conclusion 

Positive Paul-BunneU lest accidenlaUy discovered in Wassermann 
laboratory If, m the course of performmg a routme Wassermann test, 
agglutmabon of the sheep red-cells is noted, an otherwise unsuspected 
case of infectious mononucleosis may be uncovered (71) 

Modifications, rapid methods Several modifications of the Paul- 
Bunnell procedure have been suggested in order to arrive at an earlier 
conclusion when the diagnosis hes between mfcctious mononucleosis 
and conditions requinng immediate specific therapy such as diphthcna, 
mcnmgitis or appendiatis A rough method givmg an almost im 
mediate result mvolves the use of a hanging-drop preparation of 
scrum and sheep-cells (29) Employmg glass slides similar to those 
used m the microscopic sbde preapitation-test for syphilis, one may 
obtain equally prompt but more sensitive results (175) A highly 
debcate techmque makes use of smaller amounts of matenals and 
shorter incubation so that results arc avaflable withm tuo hours (38) , 
if centrifugation is employed, the test may be read within a few 
minutes (175) 

D Nature of SheephCetl AtUtbodtes in Infectious Mononucleosis 

Paul and Bunnell assumed that the antibodies occumng in infec- 
tious mononucleosis were of the Forssman variety Very soon, how 
ever, there appeared data mcompatiblc inth this conception It was 
noted that these shecp<ell agglutinins appeared equalli regularly m 
patients \nth infectious mononucleosis irrespective of the blood group 
to uhich thej belonged (13, 25, 26) This would be a paradoxical 
phenomenon since human group A cells conlam Torssman antigen 
Should Porssman antigen and antibody occur together some sort of 
reaction would be antiapatcd Furthermore the infectious mono 
nudeosis antibodies are poorlj absorbed by guinea pig tissues which 



134 


ALAN BERNSTEIN 


effiaently remove Forssman antibodies (177, 176) Continued m- 
vestigations by Stuart and his collaborators cast doubt on the Forss- 
man-character of the antibodies found m mdividuals treated with 
horse serum, smce these antibodies are removed to a considerable 
extent by non-Forssman antigen-contaming rabbit red-ceUs (182) 
At this pomt Bailey and Raff el (3), too, arrived by a different approach 
at the conclusion that infectious mononucleosis antibodies are not of 
the Forssman type smce the hemolysms are absorbed by non-heter- 
ophile ox-ceUs This findmg was promptly confirmed (98, 179) and 
extended to show that m infectious mononucleosis there may be an 
mcrease of antibodies against red-cells of sheep, goat, horse or ox but 
not rabbit, pig, dog and gumea-pig, whereas after mjection of horse 
serum there is an increased titer agamst the cells of all these species 
(9) Thus it would seem that there are at least three types of sheep- 
ceU agglutuuns, — those m normal serum absorbed by gumea-pig 
kidney but not by ox-cells, those m infectious mononucleosis serum 
absorbed by ox-ceUs but not by gumea-pig kidney, and those m the 
serum of individuals treated with horse-serum, absorbed by both 
gumea-pig kidney and ox-cells (178, 183) Further support for the 
differentiation between the type of antibody response m infectious 
mononucleosis and serum disease was provided by the observation of 
high titers of isoagglutinms m the latter condition but normal levels 
m the former (40) It is sometimes necessary to apply these theoreti- 
cal prmaples when, for example an mdividual, recently mjected with 
horse-serum, is suspected of havmg infectious mononucleosis, or when 
a patient is found to have a border-lme or normal titer of sheep-ceU 
antibodies To evaluate the significance of the sheep-ceU titer imder 
such arcumstances Davidsohn has described a differential test for the 
details of which his papers should be consulted (41, 42) The pnn- 
aples involved he states as foUows “The heteropluhc antibodies 
(anti-sheep agglutmm) m mfectious mononucleosis are not of the 
Forssman type They are not absorbed by a suspension of guiiiea-pig 
kidney The heteropluhc antibodies m serum disease are of the Forss- 
man type and are readily absorbed by a suspension of gumea-pig 
kidney The anti-sheep agglutmms are promptly absorbed by boiled 
beef red corpuscles from the sera of patients with mfectious mono- 
nucleosis and almost as well from the sera of patients with serum 
disease, but not from normal sera ” 
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E Origin of Antibodies in Infectious Mononudeosts 

It IS apparent from the above discussion that the sheep-cell anti- 
bodies appearmg m infectious mononucleosis are m certam respects 
unique, and cannot be considered to result from a non-speafic stimula- 
tion of antibodies normally emstmg m human serum Indeed, the 
mechamsm of their production is obscure The source of the antigen 
which eliats them may be cstnnsic or mtnnsia If the former, it 
must be found m the organism or virus which causes the malady, if 
the latter, it must be assoaated with the tissues of the patient, some 
breakdown product of these tissues or the abnormal leucocytes The 
lindmg of an organism capable of ehatmg these antibodies would not 
necessarily mcnmmate it as the etiological agent of infectious mono- 
nucleosis any more than the positive Widal or Wasscrmann mdicate 
that the malady is caused by the organisms correspondmg to these 
reactions Since antibody production is so mtimately assoaated 
with the spleen, it is pertment to note that m the instance of an mdi- 
vidual whose shcepKeU antibody titer at the time of a splenectomy for 
thrombocytopemc purpura had been 1 40, the titer dunng an attack of 
mfectious mononucleosis three years later rose properly to 1 320 (16) 

F Relation of Paid-Bunndl Test to Wasscrmann Reaction 

At first glance there imght seem to be a direct relationship between 
the sheep-cell antibodies and the occasionally occumng false positive 
Wasscrmann That this is not the case is indicated by three facts 
first, that partml removal of shccp-ccll agglutinms makes the comple- 
ment fixation test more fwsitive rather than decreases its strength 
(so that an> bindmg effect of these agglutmins upon the sheep red 
blood cells to prevent hemolysis, is inconsequential) , second, that a 
positive Wasscrmann may occur m the presence of low titers of sheep 
cell antibodies while a negative Wasscrmann maj' accompany ex- 
tremely high titers, third, that sheep cell antibodies may persist for 
many months after the Wasscrmann test has become negative and 
may even increase m titer coinadcnt with a reversion of the Wasscr- 
mann to negative (IS) 

G Scrum Therapy and Infectious Mononucleosis 

An injection of horse scrum into a patient with infectious mono- 
nucleosis docs not produce any further increase m shccp-ccll antibody 
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titer beyond that which already exists (9, 122) Serum sickness may 
appear but the administration of horse serum is fraught with no more 
danger than m a normal mdividual (9, 20, 110) Likewise, skm tests 
with horse serum do not necessarily mdicate any abnormal sensitivity 
(9) One wonders whether skm tests employmg sheep-ceUs might not 
demonstrate mcreased sensitivity and thereby serve as a rapid mtra- 
cutaneous diagnostic procedure for infectious mononucleosis 

H Paul-Bimnell Test tn Oilier Conditions 

Aside from the mcrease of sheep-cell antibodies that may be found 
m horse-serum-treated mdividuals, the Paul-Bunnell reaction has 
been found positive only rarely m diseases other than infectious 
mononucleosis Many thousands of tests have been carried out 
with negative results m a host of dimcal conditions These mdude 
the common infectious diseases, the exanthemata, a variety of hemato- 
logical disorders, syphihs and the other diseases diagnosable by ag- 
glutmation tests of one sort or another, such maladies assoaated at 
times with false-positive Wassermann reactions as yaws and rat-bite 
fever, and many others havmg any feature m common with mfecbous 
mononucleosis (13, 15) An occasional mcreased titer has been re- 
ported m scarlet fever, rubeola, tuberculosis and filariasis (48) but 
such events are excessively imcommon Paul and Bunnell (136) 
found a titer of 1 640 m a young woman snffermg either from aleuce- 
mic leucemia or aplastic anemia, whose obscure illness tenmnated 
fatally This patient had received oral hver therapy which could 
hardly account for the elevated titer although parenteral hver extract 
may produce titers as high as 1 1280 (16) 

Vn PATHOLOGY 
A Biopsy 

Lymph node Smce infectious mononucleosis is such a bemgn 
condition, its pathological anatomy has been necessarily madequately 
studied What information there is has been gleaned largely from 
exammation of biopsied lymph nodes The most elaborate study was 
carried out by Downey and Stasney (51), who summarized the patho- 
logical changes seen m sections of lymph nodes as follows “Hyper- 
plasia of general and smus reticulum, nodular foa of rounded reticulum 
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cells, hyperplasia of follicles and germ centers m one case m which the 
node was not removed at the peak of the disease, absence of follicles 
and germ centers m advanced cases, dense areas of small Ivmphoc) tes 
and looser areas m which the lymphocytes vary m size and structure, 
presence of large Ijmphocytes with pale nuclei and basophihc lympho- 
cytes mth lobulated nuclei m looser areas and m sinuses, more or less 
obhteration of structure mcludmg smuses dependmg on degree of 
mvolvement, structure never as completely obhterated as m advanced 
Ijmphatic leucemia, no mvasion of capsule or surroundmg tissue by 
the lymphocytes of the node, presence of groups of plasma cells in 
most of the nodes ” 

The pathological picture of the l 3 mph nodes, therefore, is not a 
uniform one Indeed the vanation m size and shape of the lympho 
c> tes thcrem contamed is usually, as m the pcnpheral blood, a differ- 
ential feature from leucetma or, if this characteristic be lacking, the 
absence of complete loss of structure of the node will ordmarily mdi- 
catc the bemgn nature of the process The same abnormal lympho- 
cytes that appear in the blood stream may be recognized in large 
numbers m a lymph node (51) 

The microscopic appearance of the lymph nodes seems to vary with 
the stage of the disease at which the biopsy is performed Accordingly 
there has been for some years a difference of opinion ns to the relative 
unportance of hyperplasia of the Ijmphoid or the reticulo-cndothelial 
elements Longcope (109) emphasized the hyperplasia of both 
types, the occasional presence of large epithelioid cells and, m one 
case, found the picture indistinguishable from Hodgkin’s disease 
Tratt (143) studied two nodes removed from himself, one during the 
acute stage of the illness, the second a year later The first of these 
showed hyperplasia, early degenerative changes in the vessel walls, 
hemorrhages, and such marked reticulo-cndothelial proliferation, 
with some central necrosis, as to exclude almost all lymphoid elements 
The second node which was somewhat Cbrotic, still showed consider 
able rcticulo-cndothehal h>'pcrplasia. Hyperplasia of the reticulum 
was stressed bj Gooding (74) and Davidsohn (38) Since lympho 
cytes may develop from reticulum this discussion assumes largely 
an academic air, furthermore different areas of the same Ijmph node 
•na> give support for both the rcUculo-endothchal and lymphatic 
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schools of thought (50) The presence exclusively of lymphoid hyper- 
plasia, has, nevertheless, been emphasized by a number of observers 
(4, 33, 49, 113, 154, 174) 

Tonsil, hone-inarrow Bbstological exammation of a tonsd revealed 
marked proliferation of small mononuclear cells (62) In the bone- 
marrow, as m the lymph nodes, there may be large numbers of the 
atypical lymphocytes seen m the blood (52, 63, 207) 

B Autopsy 

Smce the few fatahties recorded have followed secondary infection, 
usually a septicerma, the autopsies are of httle value m the present 
discussion (77, 81, 189) It is perhaps worthy of mention that in 
DuBois’ (52) case, m which death followed an empyema, the spleen 
showed atrophy of the Malpighian corpuscles, endothehal proliferation 
of the smuses and distension of l3miph spaces by mononuclear cells, 
many with mitotic nudei The portal spaces of the hver were mfil- 
trated by large mononuclear cells What changes there were m the 
lymphoid elements, he regarded as secondary to oedema of the pn- 
marily-mvolved reticulo-endothehal tissues 

vm DLETERENTIAL DIAGNOSIS 

By virtue of its protean manifestations, infectious mononucleosis 
has one or several features m co mm on with a host of other diseases 
It IS so fundamentally different from many of these that no further 
discussion IS requued than to mention that there exists a superfiaal 
similarity the significance of which vanishes upon more careful detailed 
observation However so closely does it simulate certam conditions 
that immediate differentiation even with the aid of elaborate methods 
may be impossible and a protracted period of observation be requued 
before a final conclusion can be reached The Paul-Bunnell test is 
always applicable when such problems arise 

A Hemntological Disorders 

Leucemia In at)q5ical cases, the distmction from leucerma may be 
difficult, indeed an occasional so-called transitional form between the 
two diseases has been observed (167) In acute lymphatic or mono- 
c}'tic leucerma hemorrhagic phenomena and anemia are common, a 



rNTEcnous mononucleosis 


139 


unifonn type of immature cell is encountered, in mfectious mono- 
nucleosis bleeding and anemia are rare, the type of cell is older and 
vanable m its characteristics (91) A bone-marrow biopsy may be 
mconclusive (63) as may the microscopic appearance of a lymph node 
removed early m the illness, but in a wcU-estabhshed chrome lymphatic 
leucemia the characteristic features of an mvasive process arc pres- 
ent (51) It IS in the differentiation from leucemia that the Paul- 
BunneU test is most valuable, for m all types of leucemia not only is 
the sheep-cell titer not elevated but it is uniformly confined to abnor- 
mally low levels, below 1 20 (14, 40, 122, 200) 

Lcitcopcntc mfecltotis vwnocytons This disease typically affects 
older mdividuals more than does infectious mononucleosis It is char- 
acterized by necrotizmg lesions of the oral cavity, marked leucopema 
and absence of lymphadenopathj or splenomegaly (150, 151) 

Agranuhc^losts Agranulocytosis is more common m older females, 
infectious mononucleosis m ) ounger males (169) In the former there 
is usually a history of drug ingesbon Although there may be Icuco 
pema with a profound depression of the myeloid elements m mfectious 
mononucleosis, the atypical lymphocytes ordinarily aid m am\nng at 
a correct diagnosis Nc\erthclcss these abnormal cells do occa 
sionally appear in agranulocytosis so that at the onset the two con- 
ditions may be readily confused (51) Such has not infrecjuently 
happened (39, 54) with the result that pentnucleotide has been admmis 
tered unnecessarily in instances of mfectious mononucleosis (13, 84) 

Thromhocyiopeme purpura It is only necessary to recall that mfcc- 
tious mononucleosis may closely mimic purpura hemorrhagica with 
hemorrhagic phenomena, prolonged bleeding time, reduced platelets 
and a positive tourniquet test so that one is m doubt whether he is 
dcahng with one or the other of these two diseases or even both 
together (13, 123, 124, 187) 

B Diseases Associated ictlh Sore Throat 

Vincent’s angina In \ffnccnt’s angma there may be a lympho- 
cytosis as high as 70 or 80 per cent (66, 203), conversely a Afincent’s 
infection may be the presenting clinical feature of infectious mono 
nudcosis (84) Certain but not all cases of Vincent’s angina with 
lymphocytosis undoubtedly represent instances of mfectious mono- 
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schools of thought (50) The presence exclusively of lymphoid hyper- 
plasia, has, nevertheless, been emphasized by a number of observers 
(4, 33, 49, 113, 154, 174) 

Tonsil, hone-mwTOW Histological examination of a tonsil revealed 
marked proliferation of small mononuclear cells (62) In the bone- 
marrow, as m the l}Tnph nodes, there may be large numbers of the 
at 3 rpical lymphocytes seen in the blood (52, 63, 207) 

B Autopsy 

Smce the few fatahties recorded have followed secondary mfection, 
usually a septicemia, the autopsies are of httle value m the present 
discussion (77, 81, 189) It is perhaps worthy of mention that m 
DuBois’ (52) case, in which death followed an empyema, the spleen 
showed atrophy of the Malpighian corpuscles, endothehal proliferation 
of the smuses and distension of lymph spaces by mononuclear cells, 
many with mitotic nudei The portal spaces of the hver were mfil- 
trated by large mononuclear cells What changes there were m the 
lymphoid elements, he regarded as secondary to oedema of the pri- 
manly-mvolved reticulo-endothehal tissues 

vm DIFFERENTIAL DIAGNOSIS 

By virtue of its protean manifestations, infectious mononucleosis 
has one or several features m common with a host of other diseases 
It is so fundamentally different from many of these that no further 
discussion is required than to mention that there exists a superficial 
similarity the significance of which vanishes upon more careful detailed 
obsen'ation However so closely does it simulate certam conditions 
that immediate differentiation even with the aid of elaborate methods 
may be impossible and a protracted period of observation be required 
before a final conclusion can be reached The Paul-BunneU test is 
always applicable when such problems arise 

A Hematological Disorders 

Leucemta In atypical cases, the distinction from leucemia may be 
difficult, indeed an occasional so-called transitional form between the 
two diseases has been observed (167) In acute Ijrmphatic or mono- 
cytic leucemia hemorrhagic phenomena and anemia are common, a 
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uniform type of immature cell is encountered, in infectious mono- 
nucleosis bleeding and anemia are rare, the type of cell is older and 
variable m its characteristics (91) A bone-marrow biopsy may be 
inconclusive (63) as may the microscopic appearance of a lymph node 
removed early m the illness, butma well estabhshed chrome lymiphatic 
leuccmia the characteristic features of an mvasive process are pres- 
ent (51) It is in the differentiation from leucerma that the Paul- 
Bunnell test is most valuable, for m aU typies of Icucemia not only is 
the shccp-ceU titer not elevated but it is uniformly confined to abnor- 
mally low levels, below 1 20 (14, 40, 122, 200) 

Leucopeiitc tnfeettous moiwcylosts This disease typically affects 
older mdividuals more than docs infectious mononucleosis It is char- 
acterised by necrotizmg lesions of the oral cavity', marked leucopema 
and absence of lymphadenopathy or splenomegaly (ISO, 151) 
Agranulocytosis Agranulocytosis is more common m older females, 
infectious mononucleosis m younger males (169) In the former there 
IS usually a history of drug mgestion Although there may be Icuco 
pema with a profound depression of the myeloid elements m infecbous 
mononucleosis, the aty'pical lymphocytes ordmanly aid m amvmg at 
a correct chagnosis Nevertheless these abnormal cells do occa 
sionally appear m agranulocytosis so that at the onset the two con- 
dibons may be reachlv confused (51) Such has not infrequently 
happened (39, 54) with the result that pentnucleotide has been adminis- 
tered unnecessarily in mstanccs of infectious mononucleosis (13, 84) 
Thrombocylopente purpura It is only necessary to recall that infec- 
tious mononucleosis may closely mimic purpura hemorrhagica with 
hemorrhagic phenomena, prolonged bleeding time, reduced platelets 
Md a positive tourniquet test so that one is m doubt whether he is 
dealing with one or the other of these two diseases or even both 
together (13, 123, 124, 187) 

B Diseases Associated vnlh Sore Tltroal 
Vincent’s angina In Vmcent’s angma there may be a Ivmpho- 
cy tosis as high as 70 or 80 per cent (66, 203), conversely a Vincent’s 
uiiccbon may be the presenting clmical feature of infectious mono- 
nudcOTis (84) Certain but not all cases of \finccnt’s angina with 
ymphocy tosis undoubtedly represent instances of infectious mono- 
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nudeosis, differentiation can be effected only through the apphcation 
of the Paul-BunneU test (65) 

Diphtheria Certain supposed cases of diphthena with negative 
cultures have, after antitoxin therapy, been recognized as examples 
of infectious mononucleosis (16, 20, 33, 47, 148) Examination of the 
blood and bacteriological studies should minimize the occurrence of 
such errors 

Follicular tonsdhtis A typical B-hemolytic streptococac foUicular 
tonsdhtis may usher m an attack of infectious mononucleosis (16) 
A simple tonsiffitis is generally of shorter duration than infectious 
mononucleosis (153) 

Herpetic pharyngitis or aphthous stomatitis Here no changes m 
the blood are recognized (108) An aphthous stomatitis may, how- 
ever, be the most prominent sign of a case of infectious mononu- 
cleosis (70) 

C Diseases Associated with Glandular Enlargement 

Syphilis Infectious mononucleosis may occur m mdividuals with 
early (53, 60) or late syphihs (4) Secondary syphihs may be closely 
simulated by infectious mononucleosis (33, 149) , when a false-positive 
Wassermann is present, there is mtroduced further confusion which 
a blood smear and the Paul-Buimell test usually dispels 

Hodgkin’s disease The more msidious onset of Hodgkm’s disease 
will usually mdicate the proper diagnosis 

Tuberculosis Instances of dissemmated tuberculosis with a lym- 
phocytosis as high as 87 per cent (44) or 97 per cent (102) have been 
reported 

Tularemia The glandular enlargement of tularemia m conjunc- 
tion with lesions m the throat may be confusmg, espeaaUy smce there 
may be a lymphocytosis as high as 79 per cent (16) No instance of 
false-positive agglutmation of B tularense m infectious mononucleosis 
has been reported, however 

Pertussis The thoraac form of infectious mononucleosis may be 
mistaken for pertussis particularly smce, in the latter, the lympho- 
cytes may be mcreased up to 94 per cent (44) 

Granuloma ingwnalc This must be distmguished from the mgumal 
form of mfectious mononucleosis (33) 
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Mossimn mer fever This supposedly msect-bome infection occurs 
in Austrfdia, affects adults, is characterised by glandular enlargement 
espeaally of the anUary and ingumal groups, a macular eruption, a 
benign course and a tendency to recur at yearly mtervals There is a 
leucocytosis as high as 13,000 with lymphocytosis up to 45 per 
cent (24) 

Halerfelds’ disease The Haberfelds encountered in Braal a pre- 
sumably ticL-bome infection, prevalent in the spnng and fall, mani- 
festing itself by general glandular enlargement, usually most marked 
m the axillae, and a norroal leucocyte coimt with over 60 per cent 
lymphocytes Victima seem to develop a permanent immunity (80) 
Dengue In dengue there is typically a skin rash, glandular enlarge- 
ment chiefly ingumal, leucopema with relative lymphocytosis up to 
60 per cent The spleen is rarely enlarged (79, 85) 

Mumps The carher writers were much concerned by the confusion 
between these two diseases They emphasized, as have more recent 
observers, the similar onset with unilateral cervical swclhng progress- 
ing to contralateral mvolvement (32, 61, 69, 202, 204) Occasionally 
m mumps there may be a relative mononucleosis as high as 76 per 
cent (198), assoaated with infectious mononucleosis there may be 
an orchitis (134) A previous historj of mumps is of assistance 
Thyroiditis Epidemic thyroiditis which occurs m South Amenca, 
IS caused by a trypanosome, and is characterized bj general glandular 
enlargement as well as thyroid enlargement (4) 

D Diseases Associated with Cutaneous Eruptions 

Chickenpox Lymphocytosis m varicella is not uncommon although 
It rarely attains the values reported by Goldman (72) m a three j'car 
old child — 81,200 Icucocj'tcs with 89 pier cent lymphocytes We 
recently saw a medical student suffermg from vancella who had 
general glandular enlargement, 8,000 leucocytes of which 48 per cent 
Were mononuclear cells (a number of these were the typical abnormal 
lymphocytes seen m infectious mononucleosis), but a ncgatiic Paul 
Bunnell test. 

Scarlet fever A scarlatiniform rash (9) which may even be followed 
h> desquamation (145) can lead to an erroneous diagnosis of scarlet 
fever ' ' 
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German measles Parkes Weber has emphasized the “lympho- 
tropic” blood picture common both to German measles and mfectious 
mononucleosis, which may, in the presence of a rash, mtroduce con- 
fusion (197, 198) 

Erythema nodosum and mtiUtforme It is only necessary to mention 
that eruptions of both types may occur m mfectious mononucleosis 
Influenza Probably instances of mfectious mononucleosis pass 
unrecognized more frequently under the mistaken diagnosis of mflu- 
enza than of any other condition Many of these errors could be 
rectified by searchmg for glandular enlargement and exammmg a 
blood smear, the rest by carrymg out the serological test m question- 
able cases 


E Miscellaneous Infections 

Typhoid fever Infectious mononucleosis and typhoid fever may 
resemble one another m a vanety of features mcludmg headache, 
epistaxis, bradycardia with a dicrotic pulse, splenomegaly, rose-spots, 
leucopenia and lymphocytosis (which m typhoid fever may reach 
SO per cent (52)) Consequently the distinction between the two 
diseases may be extremely diflicult (53) When one recalls, further, 
that the Widal may be positive m mfectious mononucleosis (13, 121), 
and, finally, that the two conditions may occur together (163), it is 
obvious that differentiation may, at times, have to wait upon the 
clinical course Any person assumed to be suffermg from typhoid 
fever who does not provide cultural confirmation of this diagnosis 
should be carefully examined for evidence of mfectious mononucleosis 
Undid ant fever The onset of mfectious mononucleosis and un- 
dulant fever may be very'- smular, a false-positive agglutmation for 
B mehtensis m the former may be correspondmgly misleadmg 

Malaria Smee mfectious mononucleosis and malaria may occur 
simultaneously, the respective signs may be difficult to unravel (115) 
Furthermore there may be a superfiaal similanty m the blood 
smear (52) 

Acute rheumatic fever There are certam obvious features including 
cardiac involvement which mfectious mononucleosis and acute rheu- 
matic fever have m common A more careful analysis should permit 
ready differentiation 
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Bacterial etidocardths In bactenal endocarditis a monocytosis as 
high as 80 per cent (52) might offer a temporary bamer to correct 
mterpretation of fever, splenomegaly and hematuna 

Pneumonta The focussing of attention on the pulmonary mam- 
festations with a disregard of other signs could delay a proper diagno- 
sis of infectious mononucleosis 

Acute %nfecttons of the central nervous system When one recalls that 
m infectious mononucleosis there may be symptoms and signs of 
menmgeal untation as well as abnormalities m the ccrebrospmal fluid, 
it IS obvious that immediate differentiation from pyogenic or bemgn 
lymphocytic meningitis, encephahtis or pohomyehtis may be impos- 
sible Even m retrospect it is impossible to be ccrtam about the 
nature of the foUowmg case A young man developed fever, signs of 
menmgeal imtation, general glandular enlargement and a palpable 
spleen The leucocyte count was 8,100, polymorphonudcars 51 per 
cent, large lymphocytes 2 per cent, small lymphocytes 39 per cent, 
atypical lymphocytes 8 per cent The Paul-Bunnell test was nega- 
tive, recovery was complete (16) 

Aaite abdominal conditions In any young person with an acute 
abdominal condition prcscntmg unusual signs, a blood smear should 
be exammed and, if indicated, a Paul-BunncU test performed so that 
an unnecessary laparotomy may be nicrted (38, 74) 

Catarrhal jaundice The ultimate differentiation bctiveen catarrhal 
jaundice and mfectious mononudcosis mth jaundice may rest cntirelj 
upon the Paul Bunnell test as m the following case A > oung phj-siaan 
with characteristic signs of catarrhal jaundice had a Icucocjde count 
of 3,900, polymorphonudcars 38 per cent, large Ijunphoct tes 26 per 
cent, small lymphocytes 30 per cent, monocytes 6 per cent TTie 
Paul Bunndl test was negative (16) 

F Other Diseases 

Nephritis In instances of atypical acute nephritis, particular!) 
■where hematuna is out of proportion to the other signs, infectious 
mononudeosis must be eliminated as the basis of the renal mani- 
festations 

Serum disease In addition to the obvious dinical similantics 
between infectious mononudeosis and serum disease induding fci-cr, 



142 


ALAN BERNSTEIN 


German measles Parkes Weber has emphasized the "lympho- 
tropic” blood picture common both to German measles and infectious 
mononucleosis, which may, m the presence of a rash, mtroduce con- 
fusion (197, 198) 

Erythema nodosum and mulhforme It is only necessary to mention 
that eruptions of both types may occur m mfectious mononucleosis 
Injl'uenza Probably mstances of mfectious mononucleosis pass 
unrecognized more frequently under the mistaken diagnosis of mflu- 
enza than of any other condition Many of these errors could be 
rectified by searching for glandular enlargement and examinmg a 
blood smear, the rest by carrying out the serological test m question- 
able cases 


E Mtscellaneous Infections 

Typhoid fever Infectious mononucleosis and typhoid fever may 
resemble one another m a variety of features indudmg headache, 
epistaxis, bradycardia with a dicrotic pulse, splenomegaly, rose-spots, 
leucopenia and lymphocjdosis (which m typhoid fever may reach 
80 per cent (52)) Consequently the distmction between the two 
diseases may be extremely difficult (53) When one recalls, further, 
that the Widal may be positive m mfectious mononucleosis (13, 121), 
and, finally, that the two conditions may occur together (163), it is 
ob\uous that differentiation may, at times, have to wait upon the 
climcal course Any person assumed to be suffermg from typhoid 
fever who does not provide cultural confirmation of this diagnosis 
should be carcfuUy exanuned for evidence of infectious mononucleosis 
Undulant fever The onset of infectious mononucleosis and un- 
dulant fever may be very smular, a false-positive agglutination for 
B mehtensis m the former may be correspondmgly misleadmg 
Malaria Since mfectious mononucleosis and malaria may occur 
simultaneously, the respective signs may be difficult to unravel (115) 
Furthermore there may be a superfiaal similarity m the blood 
smear (52) 

Acute rheumatic fever There are certam obvious features mcludmg 
cardiac mvolvement which mfectious mononucleosis and acute rheu- 
matic fever have m common A more careful analysis should permit 
ready differentiation 
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Bactmal endocardilts In bacterial endocarditis a monocytosis as 
high as 80 per cent (52) might offer a temporary barrier to correct 
mterpretation of fever, splenomegaly and bematuna. 

Pncumonta The focussing of attention on the pulmonarj mam- 
festations with a disregard of other signs could delay a proper diagno- 
sis of infectious mononucleosis 

Acute tnfecitons of the central neroous system When one recalls that 
in infectious mononucleosis there may be symptoms and signs of 
meningeal imtation as well as abnormalities m the cerebrospmal fluid, 
it IS obvious that immediate differentiation from pjogemc or benign 
lymphocj’tic menmgitis, encephalitis or pohomyehtis may be impos- 
sible Even m retrospect it is impossible to be certain about the 
nature of the foUowmg case A young man developed fever, signs of 
meningeal imtation, general glandular enlargement and a palpable 
spleen The leucocyte count was 8,100, polymorphonuclears 51 per 
cent, large lymphocytes 2 per cent, small lymphocytes 39 per cent, 
atypical Ijmphocytes 8 per cent. The Paul-BunneU test was nega- 
tive, recovery was complete (16) 

Acute abdominal conditions In any young person with an acute 
abdominal condition presenting unusual signs, a blood smear should 
he exammed and, if mdicated, a Paul-Bunnell test performed so that 
an unnecessary laparotomy may be averted (38, 74) 

Catarrhal jaundice The ultimate differenbabon between catarrhal 
3aundicc and infectious mononucleosis with jaundice may rest entirely 
upon the Paul-Bunnell test as m the following case A young physician 
with characteristic signs of catarrhal jaundice had a leucocyte count 
of 3,900, polymorphonuclears 38 per cent, large lymphocytes 26 per 
cent, small lymphocytes 30 per cent, monocytes 6 per cent The 
Paul Bunnell test was negative (16) 

F Other Diseases 

^cphnlu In instances of atypical acute nephritis, particularly 
Where hematuria is out of proportion to the other signs, mfcctious 
™hst be eliminated as the basis of the renal mani- 

^ ‘I'JdiUon to the obmous clinical simflanties 
infectious mononucleosis and serum disease including fever, 
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rashes, glandular enlargement and jomt pams, further confusion is 
mtroduced by the lymphocytosis (11) and false-positive Wassermann 
reaction that may accompany serum sickness (16, 65, 106) When 
doubt concermng the vahdity of the ongmal diagnosis arises m an 
mdividual who has received an mjection of horse-serum and is later 
suspected of havmg infectious mononucleosis, it is necessary to apply 
differential absorption tests (9, 41) 

Drug therapy The admimstration of adrenahn (111) and qumme 
(191) IS recognized as a cause of transitory lymphocytosis 

IX ETIOLOGY 
A Pathogenesis 

In general, the earhest authors considered infectious mononucleosis 
an infectious process Certain of them, however, struck by the fre- 
quency of constipation as a symptom, made the logical but improbable 
suggestion that the disease started as a functional disturbance of the 
gastro-mtestmal tract Thence they postulated a spread through 
lymphatic channels to the lymph-nodes of the neck, a scheme which 
was m accordance with the imtial enlargement of the left cervical 
nodes (77, 87) 

As the more varied manifestations of infectious mononucleosis were 
brought to hght, it became apparent that the disease was probably a 
generalized infection whose many possible presentmg features, whether 
sore throat, memngitis or jaundice, were secondary to a primary 
systermc disorder (56) Irrespective of whether the lymphoid (113) 
or the reticulo-endothehal (52) tissues were considered to be mvolved 
initially, the balance of opmion came to favor the view that some 
infectious agent localized m the lymph nodes (51) with subsequent 
enlargement of these structures representmg a protective reaction of 
the body agamst this organism Parkes Weber (187) further conjec- 
tured that “all the symptoms of the disease were manifestations of 
protective reaction, exceptmg those that were due to the duect action 
of the mvaders and their toxic products ” 

B Possible Relations with Other Diseases 

Leuccviia The cause of infectious mononucleosis is unknown So 
it IS that many theones have been formulated, the majority based on 
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arcmnstantial evidence with httle expienmental support For exam- 
ple the hypothesis has been suggested that infectious mononucleosis 
IS the mitial stage of a disease which may termmate m leucemia (70) 
A smgle case offered m defense of this view is hardly convmcmg smee 
the argument is based largely upon a smulanty m microscopic appear- 
ance of the bone marrow m an instance of infectious mononudcosis 
and in one of acute lymphatic leucemia (63) 

Viitceni’s mfechons The assoaation between infectious mono- 
nucleosis and Vincent’s mvasion of the oral cavity is so frequent os to 
seem more than a fortuitous occurrence (19, 84, 159) Nevertheless 
there is httle proof that this comadence mdicates anythmg more than 
that the circumstances which predispose an mdividual to contract m- 
fectious mononucleosis may cause hun likewise to be susceptible to a 
Vincent’s mfection, smee the Vincent’s infection may precede, appear 
sunultaneously with or follow the infectious mononucleosis (16) In- 
fectious mononucleosis has developed in individuals under active 
arsemcal therapy for a pre-enstmg syphilis (4, 203), a fact which has 
been taken to mdicate that the Vincent’s organisms could not be the 
cause of infectious mononucleosis (84) This argument is not con- 
vinang, however, for most of these same patients showed manifesta- 
tions of Vincent’s angma, a process which should likewise have been 
prevented by the antecedent treatment if this reasoning were vahd 
Gumea-pigs moculated with portions of a membrane rcmoied from 
the throat of a young girl suffermg from Vincent’s angma and infec- 
tious mononucleosis, developed a typical blood picture of infectious 
mononucleosis as did other guinea pigs injected with livmg or dead 
stnuns of a vibno isolated from cases of Vincent’s infections (76) 
This expcnmental work has never been confirmed so that there is 
really no sound basis for considering Vincent’s orgamsms to be the 
etiological agents m infectious mononucleosis 
Syphilis, rubeola Infectious mononucleosis may develop com 
adent with early syphilis (60), this, too, is undoubtedly by chance 
Glanzmann, impressed with the clmical similarities between infectious 
mononucleosis and rubeola, concluded that the diseases must be caused 
by closely related lymphotropic \uruses (70) 

Injluaiza It is of mtercst that while the name of Emil Pfeiffer is 
so mtimatcl> bound up with the carij history of infectious mono- 
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nudeosis, that of R Pfeiffer is connected with the discovery of the 
influenza bacillus An early author (77) concluded that infectious 
mononucleosis represented the lymphatic form of influenza, a notion 
repeatedly expressed as late as 1935 m a discussion of infectious mono- 
nucleosis entitled “Influenza Lymphatica” (129) One epidemic of 
infectious mononucleosis m children was immediately preceded by 
an outbreak of adult mfluenza (128) Likewise m the course of an 
epidemic of mfluenza m Baltimore adults m 1931, a number of children 
were seen with fairly typical infectious mononucleosis (94) On the 
other hand infectious mononucleosis was certainly not recognized if 
it was prevalent durmg the influenza pandemic of 1918-19 (189) 
Nor is there any reason to assoaate the causative agent of infectious 
mononucleosis with that of rheumatic fever beyond the occasional 
mstance of the former disease followed by a cardiac valvular lesion (22) 

C Animal Inoctilalion Experiments 

Monkeys On the whole, cultures from the blood and lymph nodes 
have 3 aelded disappomtmg results With rare exceptions animal 
moculations have been equally frmtless Thus negative results fol- 
lowed the mjection of material from a lymph node mto gumea-pigs 
(113), rabbits (4), mice and monkeys (58) Very recently Wismg 
(205), by mjectmg emulsified material from lymph nodes of several 
patients with infectious mononucleosis, produced m Macacus monkeys 
a nuld febrile lUness with general glandular enlargement, normal 
leucocyte count but a shght mononuclear mcrease This disease was 
transmissible from monkey to monkey, a laboratory worker likewise 
contracted infectious mononucleosis by acadentaUy piercmg his finger 
with a knife which had been m contact with a gland removed from 
one of the infected animals The Paul-Bunnell test was not carried 
out on the monkeys, m the human experimentally ehated case, the 
test was positive 

Toxoplasma Bland (17, 18) isolated from the blood of one out of 
five cases of infectious mononucleosis a protozoon of the genus Toxo- 
plasma, which he named the GF I stram The experimental disease 
which he produced m rabbits by the mjection of blood from this human 
case was transmissible serially to other rabbits It was characterized 
by fever, rapidly progressive anemia, leucopenia with an absolute 
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monocytosis, enlargement of l>'niph nodes, spleen and liver, these 
organs contammg focal necroses Furthermore, and a feature which 
diSerentiates this from other known types of toxoplasmata, the GF 
I strain mjected into monkeys produced fairly regularly a febnle 
illness with anemia, lymphocytosis, glandular enlargement and spleno- 
megaly A rabbit moculated with the monkey’s blood contracted, 
m turn, a typical attack of the experimental glandular fever and 
protozoa were found m its organs The pathological picture m the 
monkey differed from that in the rabbit m the absence of focal necro- 
ses, nor were the protozoa demonstrable at autopsy m the organs of 
the monkey In rabbits the disease is fatal, m monkeys it is benign 
These experiments were repeated by Minkenhof (122) but gave nega- 
tive results, and have, moreover, never been confirmed by anyone else 
B monocytogenes hommts From the blood of several human cases 
of infectious mononucleosis, Nyfcldt culti\ated a small, slowly growmg 
Gram positive bacillus which he named B monocytogenes hominis 
(131) Injected mto dogs this organism cliated a mononucleosis 
Anton (1) confirmed the essential features of this work, notmg that 
the canmo disease, which was contagious, had many similantics to 
infectious mononucleosis m man More recently Schmidt and Ny- 
feldt (160) grew this same organism from the cerebrospinal fluid of 
4 out of 5 patients with mfectious mononucleosis, m only one of whom 
was there clinical evidence of menmgitis Nyfeldt’s baallus belongs 
to the genus Listerella which occasionally produces meningitis in man 
Other members of this group have brought about spiontaneous epi- 
demics m rabbits and gumea pigs of a disease assoaated with mono 
nudeosis but otherwise, neither in the animal or human vaneties of 
Listerella infections, is there any resemblance to infectious mono- 
nucleosis (196) 

D Mtseellancous Organisms 

There is no convinang proof that the streptococcus is the cause 
of infectious mononucleosis although this organism has occasionally 
been cultured from lymph nodes (77, 189) A diphtheroid of dubious 
significance was isolated from a single case (183) B fccalis nlkab 
genes has been suggested as the etiological agent (145) hlazet (116) 
demonstrated m blood smears from a patient with mfectious mono- 
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this matenal might well prove to be an mvaluable agent for the pur- 
poses of stimulatmg a broad non-specific protective response agamst 
infections m general 

FmaUy, a plea may be made for a wider routme performance of the 
Paul-Bunnell test, not only as a confirmatory procedure m infectious 
mononucleosis or as one of the diagnostic agglutination tests carried 
out in mstances of "fever of unknown origm,” but hkewise under the 
foUowmg circumstances 

1 Individuals with an unexplained l 3 Tnphocytosis or glandular 
enlargement 

2 Individuals with positive agglutmation tests (Widal, etc ) with- 
out cultural confirmation 

3 Individuals with false-positive Wassermann reactions 

4 Individuals with unexplamed acute abdominal conditions 

5 Individuals with enlarged spleens 

6 Patients with atypical forms of conjunctivitis or puffy eyelids 

7 Apparent cases of (a) catarrhal jaupdice, (b) purpura hemor- 
rhagica, (c) Vmcent’s infections, (d) aphthous stomatitis, (e) benign 
lymphocytic menmgitis, (f) agranulocytosis By adoptmg such an 
attitude of suspiaon, further manifestations of infectious mono- 
nucleosis will be unearthed and additional clues be chsclosed pomtmg 
toward the etiology of this mterestmg conchtion 

Xn SUMMARY 

Infectious mononucleosis, glandular fever, monocytic angina, and 
lymphoid-cell angma arc probably different mamfestations of the same 
disease the etiology of which is unknown Its commonest chmcal 
features are sore throat, fever and lymph node enlargement but none 
of these are essential signs Infectious mononucleosis may be asso- 
ciated with abdommal pam, puffiness of the eyelids, conjunctivitis, 
pulmonary signs, carchac mvolvement, jaunchce, nephritis, hemor- 
rhagic phenomena, a variety of cutaneous eruptions and central 
nervous system changes The mortality m uncomplicated cases is nil, 
no serious sequelae are recognized Diagnosis can be confirmed by 
characteristic changes m the leucocytes and estabhshed by the Paul- 
Bunnell test which IS highly specific There may be encountered a 
number of confusmg serological reactions mcludmg a false-positive 
Wassermann 
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INTRODUenON 

TJne add tvns discovered in 1776 by Scheclc (370) and Bergman 
(25), Bunultaneously, and m the following jears a number of more or 
less well founded theoncs were adttmeed as regards the connection 
between disturbances in the unc aad metabolism and \anous dis 
cases, particularly gout* In 1797 Wollaston (443) found unc aad in 
goutj deposits, and about the middle of the nineteenth century 
Garrod (140) demonstrated an acctimulation of unc aad In the blood 
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of patients with gout A large number of mvestigators made deter- 
mmations of the imc acid excreted by patients suffermg from the most 
widely varymg diseases and, gradually, unc acid came to play a 
prominent part m the medical world, a large number of diseases bemg 
mcluded under the heading unc acid diathesis at about the close of the 
mneteenth century 

However, the more exact methods of physiologico-chemical in- 
vestigation available m modem times have not made it possible to 
provide support for the mamtenance of this chmcal theory even 
within somewhat narrow limitations 
Although there may possibly be certam pathogenetic features 
common to the diseases mcluded m this diathesis, a disturbance of the 
purme metabohsm can hardly be admitted Anomahes m the 
metabohsm of unc aad that may be assumed to be of a certam 
pathogenetic importance seem to appear only m typical gout, al- 
though it has not been possible, in spite of the most extensive m- 
vestigations, fully to define their nature 
The detenmnation of the content of unc aad m blood and m unne 
has, however, mamtamed its place m chmcal medicme, prmapally m 
the diagnosis of gout, though also, with more or less justification, m 
other fields Among these, imc aad detenmnation has of recent 
years been considered important to the early diagnosis of absolute 
renal msuflfiaency, which, agam, has made the question of the renal 
excretion of uric aad to a certam extent a vital one 

METHODS OF ANALYSIS 

Durmg the course of tune a very large number of methods for the 
quantitative analysis of unc aad have been pubhshed The methods 
employed chmcally for the determination of unc aad m smaller 
quantities of blood and of unne have, however, been constantly handi- 
capped by some uncertainty — espeaally m the case of blood analyses 
This is shown by the frequent appearance of proposals for new meth- 
ods, or modifications of older ones A common feature of by far the 
majonty of the methods employed is the isolation of the unc aad m 
the samples as a salt of low solubihty, followed by the attempted 
determmation, by vanous methods, of the quantity isolated 
Ongmally the amount isolated was weighed, after it had been dned 
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and punfied This method, which required the employment of large 
quantities, was espeaally applicable to the exommation of urme 
However, as early as the middle of the last century Garrod (140) 
succeeded m elaborating his famous thread test for the demonstration 
of unc aad m small quantities of blood After the addition of acetic 
aad to blood scrum the mixture is allowed to stand for some days, 
when unc add crystals are visible microscopically on a couple of fine 
threads The method allowed quantitative evaluation but was only 
applicable m cases of hyperuncerma 
Efforts were gradually made, however, to elaborate practical quan- 
titative methods of analysis on the basis of more exact chcimcal reac- 
tions, and an exceedingly large number of these methods have been 
evolved dunng the last fifty years The most important of them will 
be bnefly reviewed in the followmg section 

The phosplwlungsUc aetd method 

The methods in general use at present for the analysis of unc aad 
in blood and m unne arc based on the observation that unc aad m 
alkahne solution gives an intense blue with phosphotungstic aod 
This reaction has been hnown since the dose ol the last century 
(125, 300, 318, 347) but was not used for quantitative analysis until 
1912 [simultaneously by Fohn and Macallum (118) and Riegler (348)] 
The onginal methods have since been subjected to many modifica- 
tions, of which those elaborated by Benedict (15) in 1922 and by 
Tolin (108) in 1933 have been emplojed most extensively 
It very soon appeared that the reaction was by no means spcafic 
for unc aad but that a great many different substances reacted in the 
same way, though to different degrees The pnnapal of these arc 
crgothioncm, glotathion, ascorbic aad, and phenols, to which must 
be added vanous metals (Mg, Zn, Cu, Fc, Ag, Ni) and other inorgamc 
reduang agents [HjS, (NHi)iS) Vanous proteins, aldehydes, 
heioscs, pentoses, vanous alcohols, hcmoglobm, hcraatin, chlorophjl, 
unnary pigments, etc, etc., also react (17, 22, 48, 76, 117, 197, 245, 
37 1) 

On the other hand, it has been found that certain substances, cs- 
peaaU^ amino aads, inhibit the reaction between unc acid and 
phosphotungstic aad (68, 69, 109) 
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The reaction between many of the substances mentioned and the 
unc aad reagent is due presumably to the fact that most of the 
tungsten preparations also contam molybdenum, which is indicated 
by greater or lesser bhnd values obtamed by the use of many of the 
preparations (34, 48, 107, 108, 109, 119, 122, 316, 325, 424) 

Intensive research has therefore been directed, especially at Fohn’s 
laboratory, towards the production of methods for the preparation of 
qmte pure phosphotungstic aad reagents, while others (15, 200, 201, 
217, 305, 316) have tried to find timgstic compounds that react more 
specifically — such as arseno-18-tungstic aad and arseno-phospho- 
tungstic acid — though it cannot be said that the results have been 
entirely successful (34) 

On account of the non-specifiaty of the reaction, attempts have 
been made from the onset to isolate unc aad from the samples as a 
salt of low solubdity by trymg to preapitate the unc aad as com* 
pletely as possible and then to re-dissolve it quantitatively m a 
solvent that does not disturb the subsequent course of the reaction 
The reagent most often used is silver lactate, sometimes m com- 
bmation with magnesium sulphate (20, 69, 107, 108, 112, 362, 363, 
402) Others prefer preapitation with salts of zmc, mckel, or mer- 
cury, after which the final solution is considered to be clearer (79, 176, 
217, 301, 305) Unc aad is often isolated m urme analyses as am- 
momum urate (194, 348) 

Vanous dilutions of strong acids were ongmally used as solvents 
(112), a solution of 10 per cent NaCl in n/10 HCl (123) havmg 
generally been employed m recent studies Benedict and Hitchcock 
(20) mtroduced 5 per cent sodium cyamde as a solvent, which renders 
further addition of alkah superfluous and accentuates the final blue 
color The eventual mtensity of the color is further increased, and 
the solution is clearer, when urea is added to the cyamde solution (107) 
While it has been comparatively easy to isolate the unc aad m 
urme, the difiSculties have been considerably greater as regards the 
small quantities of unc aad m blood and m serum, which are further- 
more diluted by the previous protem preapitation Some authors 
state that they can recover a defimte addition of uric aad almost 
quantitatively, others lose from 15 to 30 per cent, or more, of the 
quantity added (34, 39, 69, 178, 202, 325, 354) 



muc ACID CONTENT IN BLOOD AND URINE 


165 


The problem is greatly comphcated by the fact that ions dissolved 
from the precipitating reagents and the impurities in the tungstic aad 
reagents may apparently affect the final color-reaction both posi- 
tively and negatively (108, 217, 305, 325, 440) This is, presumably, 
why the values found by mdirect (after isolation) analysis are not 
infrequently higher than those found by direct (without isolation) 
analysis (325) The quantity of unc and added could not be re- 
covered m a large number of cases, even by direct analysis “Unc 
add added to blood has never been quantitatively recovered by the 
direct method, when apphed to the filtrates from lakcd blood” (Fohn 
1933) (108) That Fohn and others have thought that they had re- 
covered quantitatively an added amount of unc aad m a number of 
serum or unlakcd blood tests is presumably due to the fact that the 
bhnd value, which is independent of the amount of filtrate, has 
substituted the quantity of unc aad lost when suitably less filtrate 
than usual was employed after the addition of unc aad 

Many authors emphasize that the reaction of unc aad with the 
unc aad reagent is not stoichiometnc, as they only found propor- 
tionahty between the concentration and the mtensity of the color 
vdthin a very restneted range (19, 34, 85, 108, 214), others found 
agreement with Beer’s law withm wide hmits (181, 359) The differ- 
ences between the results obtained by vanous authors may be con- 
sidered to be due to differences m unknown details of the reagents 
employed 

The chemical reaction betn'ccn unc aad and the unc aad reagent 
Is not known exactly, but it is undoubtedly very complex Folin (109) 
emphasizes in his last study, published m 1934 

“probably less than 10 per cent of (he color obtained in the modem forms of 
the method represents the direct reduction of the reagent by the urate 
The other 90 per cent (more or less) reprasenU indirect or induced reduction 
due to the presence of the cyamde. The latter reduction is rather more 
ipcchic for unc acid than the directly produced smaller fraction The 
indirect reduction is subject to great variation in magnitude accordmg to 
the quality of the uric add reagent, the quahty of the cyanide, and other 
modifying laaors, such ns the degree of nlkahnltj, the presence of car- 
bonate, of amino compounds, of some phenol products etc ” 
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Fairly considerable vanataons m the intensity of the color can be 
found not only with reagents of different ages but also with the same 
reagent, and the bhnd value found by many authors is also very 
vanable (34, 48, 316, 325, 424) Fmally, a certam relation exists 
between the concentration of unc aad and the speed of the reaction 
(34, 214) 

Vanous authors have tried to use photometry as an improvement 
on the colonmetnc methods of analysis (34, 103, 181, 214, 217, 232) 
The frequent turbidity of the solution will, however, cause stiff more 
trouble in the photometnc than m the colonmetnc readmgs (34) 
Fmally, an attempt has been made to replace colonmetnc readings 
by titratmg to decoloration with potassium femcyamde (209, 210, 
360), chloric water, or sodium hypochlonte (427, 428) But the 
mam source of error, defective specifiaty and stoichiometry, is not 
thus avoided 


Tlie pot^mm permangmuite imthod 

Hopkins (193) evolved a method m 1892 by which the unc acid m 
the unne was isolated as ammomum urate, dissolved m hydrochlonc 
aad, and titrated with potassium permanganate This method was 
modified by several mvestigators (73, 120, 304, 362, 363, 373, 445, 
446) who altered, espeaaffy, the method of isolation Many of these 
modifications, particularly Salkowski and Ludwig’s (363) and Fohn 
and Shaffer’s (120), have proved to be qmte sm table for unne analyses 
They all, however, take much tune and need large samples No 
practical methods based on similar prmaples have been evolved for 
blood analyses (302, 303) 

The toitne method 

Unc acid m alkahne solution reacts with lodme, but the reaction is 
dependent on the acidity, the time, the presence of vanous salts, etc 
(47, 133, 134, 158, 198, 229, 299, 426) A number of mvestigators 
have tned to utilize this prmciple for the analysis of unc aad after 
isolation (84, 134, 137, 158, 229, 342, 356) However, these methods 
have, apparently, not foimd any extensive apphcation outside France 
Curtman and Lehrman (80), workmg on similar prmaples, evolved a 
rather comphcated method of analysing the content of unc aad m 
blood after isolation as nickel urate 
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The reaction of unc aad with iodine seems, however, to be subject 
to the influence of too many only partially known factors to be of any 
practical chmeal use at present 

The polasstum femeyantde meihod 

Sebheper (378) demonstrated as early as 1848 that unc aad reduces 
potassium femeyamde Unc aad m neutral or alkahnc solution is 
oxidized to aUantoin The reaction takes place fairly quickly even 
at a low temperature and m considerable dflution 
Flatow (100) stated m 1925 that he had found it to be a stoichio- 
metne reaction, one molecule of unc aad constantly reduang two 
molecules of fwtnssium fcmcyanide In the following years he 
elaborated on this basis methods for the dctermmation of unc aad 
m blood and m unne (101, 102) For serum analysis protein pre- 
cipitation was earned out with uranyl acetate A defimte excess of 
potassium fcmcyanide was added to a certam quantity of filtrate and, 
after standmg at room temperature for two minutes, the potassium 
fcmcyanide remaining was titrated with a solution of monosulphin- 
digotic sodium, two molecules of potassium femeyamde oxidizmg one 
molecule of the indigo compound In cases of analysis of total blood 
or unne the unc aad was isolated m accordance with the usual 
pnnaplcs 

Without giving an> further account of the results of his expen- 
ments, riatow states that the method is very accurate, the error being 
only 0 001 mg (for the analysis of from 0,3 to 0,5 cc serum) 
Blankcnstem (28), howcrcr, only recovered from 31 to 64 per cent 
of an added quantit) of unc aad when the protein prcapitation was 
earned out with uranyl acetate, and from 72 to 100 per cent after 
prcapitation with tungstate 

Various authors (8, 9, 34, 293, 355, 398, 418) evolved more or less 
important modifications of the method dunng the succeeding jears, 
the less practical titration with the indigo compound haimg been 
replaced bj lodoraetnc titration, or by colonmctnc or electrometric 
measurement. 

Though the ratio given by Tlatow, that one molecule of unc aad 
constantly reduces two molecules of potassium femejamde, was 
generally accepted, some authors (34. 398) found that the ratio 
betneen the quanUty of unc aad and that of potassium fcmcyanide 
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was not constant for the amounts usually employed m the analysis, 
others found that a certam amount of unc aad reduced various 
quantities of potassium femcyamde m vanous experimental condi- 
tions (132, 166) 

More exact mvestigation has shown that the reaction between 
unc aad and potassium femcyamde is dependent on a number of 
different factors (34) 

Unc aad reduces no measurable quantities of potassium fem- 
cyamde at, and below, pH 3, mcreasmg quantities with a nsmg pH, 
and a maximal and constant quantity at pH 10-14 The reaction is 
m some pecuhar way dependent on time when pure unc aad solutions 
are exammed The quantity of potassium femcyamde reduced 
reaches its maximum at 20°C after two minutes, when one molecule 
of unc aad at pH 11 generally reduces three molecules of potassium 
femcyamde [i e 1 mg unc aad reduces 3 57 cc n/200 K 3 Fe(CN) 6 ] 
The quantity of femcyamde reduced decreases when the mixture is 
allowed to stand for a longer penod, until, after from IS to 30 minutes, 
it is found that 1 mg reduces 2 90 cc n/200 KsFe(CN)6 The course 
of the reaction is seen to be the same at higher and lower temperatures, 
though it IS respectively qmcker and slower The imtial “over- 
reduction” is inhibited by the addibon of NaCl and, as a rule, is not 
seen at all m analyses of serum filtrates after tungstate preapitation 
of the protems 

The quantity of potassium femcyamde reduced is, withm wide 
limi ts, directly proportional to the quantity of unc aad if only a 
certam excess of potassium femcyamde is assured Further addi- 
tions of potassium femcyamde do not alter the ratio 

Br/chner-Mortensen has evolved methods for the quantitative 
analysis of unc aad m serum and unne (34) based on the mvestiga- 
tions made of the reaction between unc aad and potassium fem- 
cyamde 

In the serum analyses the protems are preapitated with sulphunc 
acid and sodium tungstate A defimte excess of potassium fem- 
cyamde was added to the filtrate and a buffer mixture, which ensures 
that the reaction takes place at pH 11 The quantity of potassium 
femcyamde not reduced is detenmned by lodometnc titration 

Defimte quantities of unc aad added before or after the protem 
preapitation were recovered quantitatively 
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The quantitative isolation of the uric aad in the scrum filtrate was 
not possible by the usual methods, but in a senes of eSpenments 
when senun ^trates were analysed, both with and without the 
addition of unc aad, an average 85 per cent of the amount of unc 
aad expected was recovered, just as large quantities of the unc aad 
added and of that found by direct analysis of the filtrate being lost 
by isolation It is therefore probable that the reduction found by 
direct analysis is entirely due to unc aad A senes of experiments 
showed furthermore that the reduction found in the given analj tical 
conditions cannot be due to glucose, creatine, creatinmc, glutathion, 
crgothionan, urea, glyane, cystine, xanthmc, allantoin, guanine, 
sodium sahcylate, phenol, ascorbic aad, or enzymes 
The mean error for the method is 2 per cent. The values found 
in comparative analyses average 1.5 mg per cent higher than those 
found by Folin’s method (1933) (108) 

A method for the analysis of unc aad in unne was elaborated on 
similar prmaples Since unne, contrary to serum, contains, fn 
addition to unc aad, measurable amounts of substances that reduce 
potassium femcyanide in the given conditions, the unc aad was 
isolated by prcapitation accorthng to Salkowski’s (363) prmaple 
A certain constant loss of unc aad occurs dunng the isolation but, 
after correction for this, the quantity of potassium femeyamde re- 
duced is directly proportional to the amount of unc aad A quan 
tity of unc aad added was recovered quantitatively The mean error 
for the method is about 2 per cent The x-alues found show fairly 
good agreement with those found by Fohn and Shaffer’s method (120) 
If the time of prcapitation in the latter is prolonged to 48 hours (304) 


URIC ACID IN THE DLOOD AND URINE OF NORlMl, PEESOVS 

Unc aetd in blood 

As carlj as the middle of the last century it was trowa, esieoallv 
through Garrod’s studies (140) that the blood of pat^ats with gout 
and uremia contains unc aad but, with the methods tia available 
unc add could onlj be demonstrated in exceptional ca^ia the 
of normal subjects Garrod (140) and a few 
(267, 323) ccrtalnb succeeded in just a few Sw-T, l 

until after the daboraUon of Fohn’s 
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beings The quantity of unc aad found m the blood of normal 
subjects by the phosphotimgstic aad method varied, however, very 
considerably with the different modifications of the method employed, 
the lowest values havmg generally been found with the older methods 
(Table 1) 

Flatow (102), using the potassium femcyamde method, found 
4 ± 0 2 mg per cent with a mixed diet 
Br^chner-Mortensen’s method (34, 36) gave from 5 4 to 8 8 mg 
per cent for 33 normal men and from 4 4 to 8 1 mg per cent for 37 
normal women on ordmary diet After at least 3 days on purme- 
free diet, the figures were from 3 3 to 8 4 mg per cent for 17 men and 
from 3 6 to 7 0 mg per cent for 15 women whose purine metabohsm 
might be assumed to be normal (Table 2) 

FradS, (126), usmg the same techmc foimd from 4 1 to 5 9 mg 
per cent for 7 normal men and from 3 8 to 5 4 mg per cent for 7 
normal women 

No relation between the unc aad values found by the vanous 
methods and factors such as age, height, and weight has, as a rule, 
been observed Fairly high values have, however, been found m the 
newly-bom (23, 218) Several authors have found higher values for 
men than for women (24, 34, 126, 202) 

It was stated formerly that the unc aad m the blood was almost 
constant m the mdividud, mdependent of the composition of the diet 
(83, 88, 195, 238, 429) Many mvestigators, however, have found an 
mcrease in the content of unc aad in the blood, of temporary or 
longer duration, after the consumption of foods contaimng punnes 
(4, 34, 60, 148, 219), and it is generally reckoned that the unc aad 
m the blood is about 1 mg per cent less with a punne-free than with 
an ordmary punne-contammg diet (10, 34, 222, 296) Investigations 
by the potassium femcyamde method m the cases of 8 men and 12 
women whose unc aad metabohsm rmght be presumed to be normal 
gave average values of 6 9 and 6 1 mg per cent, respectively, for 
ordinary punne-contammg diet, and 6 1 and 5 3 mg per cent after 
punne-free diet for at least 3 days (34) 

Very shght vanation from day to day is observed with punne-free 
diet when conditions are otherwise umform, generally not more than 
1 mg per cent, and with no definite tendency to a decrease in the 
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TABLE 2 


Unc and tn the serum of normal subjects after at least 3 days' punnefree diet {potassium 

femcyantde methoi) 


KUUBES 

AOE 

i 

HEIGHT 

j WEIGHT 

true ACID IK 6ESU1C 

Men 


years 

cm 

kt 

mt percent 

1 

31 

168 

51 

4 0 (3 3 to 4 3) 

2 

SO 

171 

58 

4 5 

3 

60 

165 

S3 

' 5 0 (4 4 to 6 1) 

4 

SI 

161 

62 

5 2 

5 

28 

174 

60 

5 4 (4 8 to 5 8) 

6 

33 

176 

66 

5 9 (5 5 to 6 3) 

7 

14 

155 

40 

6 0 (5 4 to 6 5) 

8 

48 

155 

66 

6 1 (5 7 to 6 4) 

9 

20 

174 

62 

6 1 

10 

38 

178 

77 

6 5 

11 

57 

165 

66 

6 9 

12 

22 

164 

70 

6 9 

13 

16 

158 

50 

7 3 

14 

19 

178 


7 3 

15 

26 

167 

57 

7 6 

16 

41 

166 

74 

8 0 (7 9 to 8 1) 

17 

29 

183 

1 

84 

1 

8 1 (7 9 to 8 4) 

Women 

1 

41 

158 

S3 

3 9 (3 6 to 4 1) 

2 

65 



4 4 

3 

28 

161 

51 

4 7 

4 

18 

174 

58 

5 0 (4 4 to 5 4) 

5 

37 

157 

55 

5 1 (5 0 to 5 2) 

6 

36 

152 

48 

5 2 (5 1 to 5 4) 

7 

32 

168 

61 

5 3 (4 7 to 5 7) 

8 

38 

155 

62 

5 3(4 8 to 5 7) 

9 

33 

162 

80 

5 4 (5 2 to 5 5) 

10 

31 

157 

S3 

5 5 (4 7 to 6 2) 

11 

33 

154 

54 

5 8 (5 7 to 6 3) 

12 

36 

163 

57 

5 8 (5 0 to 6 5) 

13 

50 

165 

67 

5 9 (5 7 to 6 1) 

14 

39 

168 

74 

6 1 

IS 

IS 

158 

39 

6 6 (5 8 to 7 0) 


values when the diet is of longer duration Great vanations, however, 
are found with ordinary mixed diet and, when a diet very nch m 
pimnes is given, a considerable mcrease m the content of unc acid 
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m the serum is seen to set m rapidly, for mstance, a rise from 5 5 to 
10 1 mg per cent m the course of 2 days (fastmg mommg values) (34) 
The content of unc aad m the blood mcreases several mg per cent 
m the course of a few days during a longer fast, after which it remains 
constant for the whole of the period of the fast Hoeffel and Monarty 
(191) thus found by the phosphotimgstic nod method a nse m from 
two to four days to an absolute value of from 8 to 12 2 mg per cent, 
Lennox (236) m five days a nse to 14 mg per cent 
A correspondmg mcrease m the content of unc aad m the blood 
IS observed with a high fat diet (173) 

The ingestion of cmchophen and of sahcylates decreases the content 
of unc aad in the serum (for further details sec p 186 et seq ) 

Shghtly increasmg values arc sometimes seen in serum when the 
excretion of unc add decreases because the water output is lowered 
This mcrease is not, however, constant and is generally moderate 
If the lower renal excretion contmues, no further nse is observed, 
presumably because of the mcrcased extra renal excretion (34) 
Repeated tests made dunng the same day generally show that the 
highest values are to be found m the mornmg They arc constant, 
or fall shghtly, dunng the forenoon, show a distmct fall dunng the 
afternoon, and arc lowest dunng the first part of the mght, rising 
again dunng the second part The variations arc generally between 
1 and 2 mg per cent No changes arc seen m the content of uric 
aad in the scrum after punne free meals, though a nse of a couple of 
mg per cent occurs an hour or two after punne-nch meals (34, 136, 
255) 

The influence of muscular cxcrosc on the content of unc aad in the 
blood has been in\cstigated by vanous authors, nearly all of whom 
find greater or less increase dunng and after the activity The extent 
of the excrasc is generally stated most indcfimtcly, though it is almost 
always fairly severe 

Levine, Gordon, and Dcnck (240) exanuned marathon runners 
before and after the race, finding an increase of up to 2 4 mg per cent 
m the content of unc aad in the blood of the most exhausted partia- 
pants Rnkestraw (336, 337) found that a short penod of exercise 
(running up stairs) increased the content of unc aad in the plasma 
b} up to 2 7 mg per cent (average of several observations 0 9 mg 
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per cent) Exercise that was less violent, but of longer duration 
(cycling for two or three hours) increased the content of unc aad in 
the plasma by up to 2 9 mg per cent (average 1 5 mg per cent) 
Repeated measurements made after work showed further mcreases 
(average 0 5 mg per cent for 1| hours) Lucke (263) found an 
mcrease of 1 mg per cent after work, while Qmck (332) found no 
defimte changes after walking or runmng 

Urtc acid eoccreUon 

The most important organs m the excretion of unc aad are the 
kidneys, through which a quantity that may vary enormously, but 
which generally amounts to from 200 to 800 mg , is removed every 
twenty-four hours A small amount is eliminated with the sweat 
(3, 361, 431) and a rather larger amount with the digestive secretions 
A somewhat varymg amount is found m the sahva and in the gastnc 
secretions, though it is generally about 1 mg per cent (230, 257, 278, 
350, 404) A shghtly larger quantity is found m the bile, most fre- 
quently though m a concentration that is a couple of mg per cent 
lower than that of the blood, the values m the cystic bile being some- 
what higher (42, 43, 44, 175, 259, 274, 321) Information regarding 
the concentration of unc aad m the mtestmal seaetions is less 
certam (261, 383) 

Lucke (263) reckoned from his own and from other studies that 
from 6 to 12 mg unc acid is generally exaeted m sahva, from 15 
to 20 mg with the gastnc excretions, and from 20 to 30 mg with the 
bihary and panaeatic secretions, the total “enterotropic” quantity 
amounting to from 40 to 60 mg , i e only about 10 per cent of the 
“urotropic” excretion From another quarter, however, rather 
larger values are given (42, 43) 

The “enterotropic” excretion is mcreased in hyperuncenna es- 
peaally when this is due to a diminution of the renal functions, and, 
to a certam extent, it compensates the decrease m the “urotropic” 
exaction (230, 258, 260, 275, 276, 277) 

Retial excretion of unc aad Opmions regardmg the mechanism of 
the excretion of unc acid through the kidneys have vaned somewhat 
m accordance with the opmions with reference to the renal function 
taken as a whole 
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It IS not within the scope of the present study to give even a cursory 
summarj of the ever changing views of the last fifty years regarding 
the renal functions Mention will therefore merely be made m the 
foUowmg of a number of studies in which, particularly, the conditions 
of the exaction of unc aad have been mvestigated 
In agreement with the theory then generally prevalent, a senes of 
studies appieared about the turn of the century, presuming to show 
that the unc aad is seaeted through the renal tubules (7, 78, 92, 
93, 287, 365) 

The experiments paformed generally consisted of the peroral ad- 
ministration of punne bases to, or the mtravenous or intrapcntoncal 
injection of unc aad mto, test-animals such as dogs and rabbits that 
normally exacte very scanty quantities of unc aad Subsequent 
investigation showed no changes in the glomeruh but fine-grained or 
needle-shaped preapitates in and among the cells of the convoluted 
renal tubules, espeaally in the part faang the lumen No deposits 
were found m the cells of Henlc’s loop and the collectmg tubules, 
but the so-cahed “spherohths,” mcreasmg in sixo towards the col- 
lectmg tubules, were found in the lumen Analysis showed that 
these contained unc aad The results of the expenments thus agreed 
splendidly with those of the many previous and contemjioraty in- 
vestigations into the excretion of dyes regarded as evidence of the 
scaetion of these substances 

Subsequent authors (81, 288, 406), however, asserted that the 
facts found by histological investigation might just as well indicate 
that the unc aad is clirmnated in the glomeruh and is then partly 
re-absorbed or rc-diflused in the tubules This is mdicatcd, accord 
ing to Cushny (81), by the fact that unc aad crystals arc oIm found 
between the cells "Spherohth” formation was said to be due to the 
prcapilation of unc aad caused by the absorption of water Later 
on, unc aad was also successfully demonstrated m the glomerular 
capsule b> means of a slightlj different technic (143, 384, 385) 

Since the problem can Iiardlj be solved by purclj histological 
investigation, a long senes of more physiological studies has been 
earned out dunng recent years 

A number of perfusion expenments were performed witli frogs’ 
tidncys, the double vascular supplj of which it was considered would 
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provide a possibility of differentiating the functions of the glomeruh 
and the tubules While the blood from the renal artery passes 
through the glomerular loops and then the pentubular capiUanes, 
the blood from the renal portal vem of the frog goes direct to, and only 
supphes, the pentubular capdlanes 

Accordmg to Richards and Walker (343), however, a reflux of 
blood from the tubular capiUanes to the glomeruh may occur fairly 
often In order to check this source of error m the expenments 
Lueken (264) added a colored substance, cyanol, to the flmd that is 
conducted through the renal portal vem Smce cyanol, it is alleged, 
can only be excreted through the glomeruh and not through the 
tubules, it may be supposed that m cases m which the urme is color- 
less the reflux to the glomeruh asserted by Richards and Walker (343) 
has not taken place 

In some of his experiments Lueken (264) perfused the artery with 
Rmger’s solution, to which 2 6 mg per cent unc aad had been added, 
and the vem with pure Rmger’s solution The urme excreted after 
this contamed from 6 to 6 2 mg per cent unc aad The concentra- 
tion mdex (the ratio of the content of unc aad m the unne and that 
m the ‘flilood”) was from 2 to 2 5, the clearance (the concentration 
mdex multiphed by the unne volume m cc per hour) about 4 cc per 
hour If the cellular function were now paralyzed by the addition 
of cyamde to the venous perfusion the concentration mdex was lowered 
to from 1 to 1 5, and the clearance to about 2 5 

On the other hand, when the artery was perfused with pure Rmger’s 
solution and the vem with a unc aad solution, the concentration 
mdex was found to be about 10 and the clearance from 2 to 4 5 
When cyamde was added to the venous perfusion the concentration 
index feU to from 1 5 to 5 and the clearance to about 1 The addition 
of cyamde as a rule caused a minimal mcrease m the water output 
After the paral3^is of the tubules had ceased the function was com- 
pletely or partially restored 

Lueken concluded from these experiments that unc aad is excreted 
through the glomeruh and that the tubular cells concentrate the uric 
aad present m the lumen from 2 to 2 5 times This tubular function 
partially disappears on the addition of cyanide In the other group 
of expenments, m which the unc aad is supposed to reach the tubules 
from the vascular side only, it is, on the contrary, concentrated about 
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tenfold, from which the author concluded that the concentration of 
unc add in the tubules is due, to a greater extent, to the secretion 
of unc aad and, to a lesser extent, to the reabsorption of the hquid 
The difference between the two sets of concentration mdices is, 
however, largely due to the fact that the unne volume was con- 
siderably lower m the second than m the first The figures for 
dcarancc also show somewhat lower values for the second group than 
for the first The whole of the evidence stands or falls, furthermore, 
on the correctness of the assumption that the addition of cyanol can 
check the above-mentioned refluxion of the venous perfusion to the 
glomerules 

A number of perfusion experiments were made with heart-lung- 
kidney preparations employed, m particular, by Starling and Vemey 
(401) In these a constant circulation of the blood could be mam- 
tained and the pressure, the speed of circulation, and the composition 
of the perfusion hqmd could be vaned freely The unne obtained m 
these expenments to a certain extent resembled normal unne, in 
which a number of vanous substances were concentrated m varying 
degrees Cyanide poisoning caused the composition of the unne to 
resemble an ultrafiltrate of plasma 
Grcmels and Bodo (154) earned out two sets of expenments In 
the first, unc aad was mjected mto heart lung-kidncy preparations 
from dogs The water output -was hereby increased a little, and the 
unc aad was excreted, the amount that had disappeared from the 
blood circulation bang recovered approximately quantitatively in 
the unne The clearance was from 3 to 6, independent of the unne 
output (o\ cr 0 7 ca/mm ) The secretion of unne ceased entirely 
when the blood pressure was lowered from 115 to 35 mm Hg At 
this low blood pressure a quantity of unc add injected remmned un- 
changed m the drculating blood 

In the second senes of expenments n/ 200 cyamde was added to 
the perfusion flmd The water output remained almost unchanged, 
the concentration index, which was from 5 to 10, fell to about 1, 
and the deamnee, onginally from 5 to 10, to about 2 
The authors considered that they could condude from these expen- 
ments that a small amount of unc add was ultra filtered in the 
glomeruli and a large quantitj secreted in the tubules 
The fact that the unc aad In the orculaling blood remained un- 
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changed when the blood pressure was lowered, however, definitely 
contradicts the secretion theory, and the decreased excretion of line 
aad after cyanide poisoning is a natural consequence of the diminished 
glomerular filtration caused by the mcreased pressure m the canals, 
which must occur when the absorption of hqmd m the tubules is 
lowered 

Such large quantities of glomerular fiiltrate have been collected of 
recent years by puncture of the functionmg glomeruh of frogs and 
snakes that it has been possible to make quantitative analyses The 
method was ongmally pubhshed by Weam and Richards (435) and 
has smee been improved by many mvestigators, a considerable 
number of sources of error havmg been removed 

Bordley and Richards (30) showed m 1933 that the content of unc 
aad IS uniform m the plasma and glomerular filtrate of frogs and snakes 
after the administration of unc aad From their experiments they 
thought they could calculate that the amount of the glomerular 
filtrate was of such size that the total amount of unc acid appearing 
m the unne might be due to ultrafiltration m the glomeruh, a theory 
that depends m the first place on the correctness of the assumed total 
number of active glomeruh 

Marshall (272), on the other hand, calculated the amount of the 
filtrate by glucose determmation of the plasma and the luine (col- 
lected by urethral catheters) of lizards after the admimstration of 
phlonzm, and found that it was so small that less than 10 per cent 
of the unc aad m the unne could be due to ultrafiltration m the 
glomeruh 

Thus the facts are not qmte obvious The whole problem cannot, 
of course, be solved solely on the basis of unc aad mvestigations, but 
only m conjunction with other studies of the physiology of the kidneys 
It must, furthermore, be emphasized that human bemgs have a 
special position m the animal kmgdom as regards unc aad metabohsm 
and that the human mechamsm for the excretion of unc aad may, 
therefore, also possibly deviate from that found m the test-animals 
employed 

However, from aU the evidence available it is presumably certam 
that an ultrafiltration of unc acid occurs m the glomeruh But it is 
an open question whether the quantity of hqmd filtered m the glomer- 
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uJns SO large that it can contain the total amount of unc aad appcanng 
in the urme, even though it be assumed that a certain reabsorption 
takes place m the tubules— or whether the quantity of the filtrate 
IS so small that it must be assumed that seaetion takes place m the 
tubules 

From the most recent studies, however, it seems probable that the 
amount of glomerular filtrate in normal human bemgs is m the 
neighborhood of 100 cc per mmute If this proves to be true, and if 
all unc aad in plasma is freely filtrable, it may be assumed that 
between 90 and 95 per cent of the quantity of unc aad filtered is re- 
absorbed m the tubules (36, 37, 138) 

The question of the ultrafiltrabihty of unc aad has been the subject 
of many investigations It has been asserted that some of the unc 
aad in the blood appears in a colloid or combmed, non-ultmfiltrablc, 
form (24, 31, 85, 367) This is, however, hardly the case, smcc unc 
aad has been found by dialytic experiments with Rona-Michaeli’s 
osmotic compensation method (59, 60) to be freely diffusible, further- 
more, the same concentration of unc aad in plasma and in ultra- 
filtrate has heen found by ultrafiltration expenments (2, 279, 396) 
Finally, as has been mentioned, the same concentration of unc aad 
in plasma and m puncture hqmd has been found by glomerular 
puncture (30) 

Dependence of the excreUon of unc aetd on the content of unc acid in 
the blood Augmented excretion of unc aad is generally found in 
normal persons with an mcrcasmg content of unc aad in the blood 
(4, 6, 24, 34, 60, 110, 433) The examination of a number of normal 
persons by Brjlchner Mortensen (34) showed that the coeffiaent of 
correlation hetween the content of unc aad m the serum and the 
quantity of unc aad excreted per mmute was +0^1 ±0 09, while 
Gardstam (139), on the contrary, found no definite relation between 
the two amounts 

Since the spontaneous vanations m the unc aad content in the 
blood of individuals are very small, Brffchncr-Mortcnscn (34, 37) 
earned out a senes of determinations of the content of unc aad in the 
senim of 10 test persons and of the amount of unc aad exacted 
dunng short penods of from 30 to 60 minutes before and after the 
ingestion of punne nch meals, or the intravenous injection of lithium 
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urate The results of the mvestigation are shown m Figure I, m 
which the ordinate shows the amount of unc aad excreted per nunute 
and the absassa the concentration of unc aad m the blood The 
values thus plotted are grouped about a straight hne which does not 
pass through the zero pomt but cuts the absassa at a pomt corre- 
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Fig I Ratio between the Uric Acid Content of Serum and the QuANnry or 
Uric Acid Excreted per Minute 

spending to about 4 mg per cent, contrary to what is found m the 
case of, for mstance, urea 

This may be thought to be due to vanous causes if the conception 
of the renal function is based on the filtration-reabsorption theory 
It IS, of course, feasible that the values for the content of unc aad 
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m the serum found by the femeyamde method mclude substances 
other than unc aad But this is hardly probable (34), and there 
can, at any rate, hardly be any question of an analytical error so large 
that it can eiplam the facts found For, if the amount that hes 
between the zero pomt and the pomt of mterseebon represents sub- 
stances other than unc aad, only a very small fraction of the unc 
aad found in many of the tests before admmistration would be 
“genumc ” Furthermore, the vanatlons found In the mac aad con- 
centration of serum and m the amount of unc aad excreted do not 
always coinade In many cases the excretion of unc aad mcreascs 
veiy rapidly, while the mcreasc in the blood occius more slowly at 
first. Vice versa, decreasing excretion is observed later on m the 
tests, m spite of a contmued mcrease in the blood 

For the same reason the explanabon of the findmgs cannot be that 
only a certam part of the amount appeanng before the admmistrabon 
IS ultrafiltrable while the quanbty added is freely filtrablc A large 
number of invesbgabons also mdicate, as has been menboned, that 
the unc aad in the serum is freely filtrable (2, 30, 59, 60, 279, 396) 

It IS, however, probable that there is a renal threshold for unc aad 
as there is for glucose, chlonde, phosphate, bicarbonate, ascorbic aad, 
creabne, ammo aads, etc , varying with the mdividual but generally 
correspondmg to a value of from 4 to 5 mg per cent unc aad m scrum 
Since, moreover, a lower concentrabon of unc aad may be found in 
unne than in scrum, by both the phosphotungstic aad (139, 254, 415) 
and the piotassium femeyamde methods (34, 37), it must be assumed 
that the unc aad is reabsorbed acbi-cly in the tubules About 95 
per cent of the amount of unc aad filtered in the glomcruh seems to be 
reabsorbed m normal persons on a punne free diet, or fasbng, and 
from 80 to 90 per cent ^ter the ingestion of purine (36, 37) 

The changes in the exaebon of unc aad found after this ingestion 
can, howex er, hardly be due to the presence of a fixed threshold alone, 
since the changes m the concentration of unc aad in scrum and the 
quanbty of unc aad excreted m the tunc umt, as has been menboned, 
do not coincide 

A more detailed explanabon of the facts found can hardlj be gi\ cn 
with our present knowledge and concepbon of the funebon of the 
tubules 
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Since line aad has usually been considered to be a waste product, 
it has, from the teleological pomt of view, been rather difficult to 
accept the theory that unc aad is reabsorbed actively m the tubules 
Rehberg (339) therefore propounded the hypothesis that the urate 
ion followed the sodium ion passively when the latter was actively 
reabsorbed m the tubules 

This hypothesis has, however, not yet been supported by expen- 
ments, though, as mentioned below, mcreased excretion of unc acid 
has been found after the mgestion of sodium bicarbonate and pyruvic 
acid, and decreased excretion durmg fastmg, high fat diet, and the 
mgestion of CaClj, lactic acid, and aromatic aads By feedmg gouty 
patients with high fat diets, some experiments seem to mdicate that 
the reabsorption of unc aad m the tubules nses up to 99 per cent of 
the amoimt filtered (36) 

Dep&ndence of the excretton of unc acid on the water output The 
relation between the water output and the amount of unc acid ex- 
creted IS a problem that has engaged the attention of many authors 
Kennaway (215) found that the excretion decreased as the unne 
volume increased, while Robertson (352) and Moms and Rees (307) 
found from their expenments with chickens, rats, and rabbits (after 
the mjection of unc aad) inaeasmg exaction with mcreasmg water 
output The same was found m man by Chabamer and Lobo-Onell 
(60) 

Most mvestigators, however, t hink that the quantity of unc acid 
excreted is mdependent of the excretion of unne (5, 24, 139, 195, 434) 
Berglund and Fnsk (24) thus state that the coeffiaent of correlation 
for the amount of unne and that of unc aad exaeted m one hour is 
-1-0 21 ±0 11 No figures, however, are given for the mdividual unne 
volume Br^chner-Mortensen (34) examined a large number of test- 
persons whose excretion of unc acid might be considered to be normal 
and foimd from expenments made at penods of 24 hours and of from 
30 to 60 minutes that the quantity of unc aad excreted durmg the 
umt of tune was constant, and was mdependent of vanations m the 
unne volume if the latter was above a certain amoimt — the augmenta- 
tion limit — , about, or a httle less than, 1 cc per minute The amount 
of unc acid excreted when the water output is lower is approximately 
proportionate to the square-root of the unne volume excreted durmg 
the time-unit (Fig 11) 
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The same author calculated the augmentation hmit for 6 normal 
persons in accordance ivith the directions laid down by Eggert Mpller, 
McIntosh and Van Slyke (289) and found values corresponding to a 
unne \olume of 1 08, 0 96, 0 71, 0 64, 0^, and 0 52 cc. per minute 
respectively, i c considerably lower than the augmentation limit for 
urea (34) 

Corresponding figures may be obtained by re-calculating the results 
of many previous in\estigators (139, 248, 249, 286, 315, 393, 394) 
Recogmtion of this fact is, as will be seen below, of decisive im- 
portance in estimatmg the value of the results from studies of the 
variations m unc aad excretion m various conditions 

Vne acid ixfrttd 
ms /innuU 



Fio TI Depenpesce or Tm: ExcamoN or Uric Aop oh toe Water Outpitt 

Furthermore, sudden great changes in the excretion of urmc seem 
to be able to some extent to exert a particular mflucnce on the amount 
of unc aad excreted If the excretion of unne is suddenly increased, 
the amount of unc aad excreted dunng the unit of time mil be found 
to be considcmblj above the average found for the individual Vice 
versa, if the excretion of unne suddcnlj decreases considcrablj , lower 
values mil be found for the unc aad excreted than would be expected, 
even though the augmentation limit be taken Into considcntion (34) 
The most obvious explanation of this would be that the unne ex 
acted dunng the penod is mixed with a certain amount of unne 
from the previous penod, but against this must be put the fact tliat a 
corresponding simultaneous change in the exaction of aeatimnc docs 
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not necessarily appear (34) Considered from the pomt of view of 
the filtration reabsorption theory this must be presumed to be due to 
a change m the reabsorption of unc acid m the tubules Correspond- 
mg conditions have been observed m some mvestigations of urea 
excretion (32) 

Variahons tn tJie amount of unc actd excreted Studies of the hu- 
man excretion of unc aad m normal and m pathological conditions 
gave extraordinarily varymg results imtil, about the beginning of the 
century and particularly as a result of a senes of studies made by 
Bunan and Schur (50, 51, 52, 53, 54, 55) and Siv6n (389, 390), the 
separation mto two parts of the amount appeanng m the unne was 
reached These were, the exogenous^ ongmatmg m the purmes m- 
gested with the food and varymg proportionately with their amount, 
and the endogenous, which is excreted by a person on a punne-free 
diet 

The quantity of endogenous unc aad is generally from 250 to 600 
mg per day It is fairly constant m the mdividual, even with a 
punne-free diet of long duration (283), and was ongmaUy considered 
to be qmte mdependent of the composition of the purme-free diet 

Subsequent studies have, however, shown that vanations m the 
composition of the diet considerably affect the amount of endogenous 
unc aad excreted 

Fohn (104) thus foimd a decrease of up to 50 per cent m the unc 
acid excretion of a number of test-persons when a change was made 
from a punne-free diet contaimng about 19 g to one contaimng about 
1 g mtrogen The results of these experiments were confirmed by 
Leathes (233), who observed a fall of 30 per cent m similar circum- 
stances, by Taylor and Rose (410), who found an exaetion of 0 3 g 
uric aad a day for ordmary purme-free diet and a considerable nse 
(up to 0 82 g ) after 40 g mtrogen (white of egg) had been added to 
the diet, and by a great many subsequent authors (110, 195, 237, 238, 
242, 296, 335, 357) 

The results of many of these experiments have, however, been 
mismterpreted, no notice having been taken of the above-mentioned 
dependence of the unc aad excretion on the water output More 
exact examination of those studies m which the data given are suffi- 
cient to permit a calculation to be made often shows that the vana- 
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tions m the quantity of unc aad excreted were entirely or partially 
due to simultaneous changes in the water output, the uune volume, 
and thereby the excretion of unc aad, havmg been lowest when the 
food contained least protem, and vice versa. 

In some of the experiments the unne volume was, however, so 
relatively constant from penod to pcnod that It is permissible to con- 
clude from the mvestigabons that the amount of unc aad exacted 
IS dependent on the composition of the punne-frce diet (104, 195, 
237, 238) 

Leopold, Bernhard and Jacobi’s experiments (238), however, show 
that the addition of protem to the diet only causes a temporary in- 
crease in the excretion of unc aad It must, furthermore, be pomted 
out that the "protem-poor” diet m Fohn’s e.xpenments (104) only 
contamed about 1 g protem-N a day, so that thae was no mtrogen- 
cquilibnum In all probabihty the vanations found are not spcafic 
for the exaction of unc aad, for corresponding changes m the exac- 
tion of urea and of aeatimnc have been found when the content of 
protem in the diet is vaned (75, 95, 147) 

The amount of unc aad excreted vanes somewhat dunng the 24 
hours of the day Sivln (389) found that the exaction was greatest 
in the forenoon and least at night, and Leathes (233) found excre- 
tions of 360 and 260 mg by day, and of 250 and 160 by night, re- 
spectively, for two different punne-frce diets 

If no food 13 mgested, the excretion of unc aad remains fairly con- 
stand dunng the forenoon, afta i\hich it falls almost uniformly dunng 
the course of the day It is lowest at night, rising agnm to its initial 
values the next mommg (34, 243, 286, 315, 393, 394) Somewhat the 
same course is observed when the diet is punne free, though some rise 
in the axaction may be noticed m connection ■mth meals (34, 195, 
241, 255, 285) 

This IS largely due to x-anations in the exaction of unne but, if the 
values for the cxpcnmcntal penods in which the excretion of unne is 
oxer 1 cc /nun (the unc aad augmentation linut) onij arc included 
m the calculation, it will be found that m many of the investigations 
about 0 4 mg unc aad is excreted per minute dunng the morning 
hours, after which the quantity dcacases to about a half durmg the 
<la> (34, 241, 243, 293, 294, 315) 
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The influence of individual foods on the excretion of unc aad, meas- 
ured for shorter penods, has been the subject of numerous inves- 
tigations 

However, the changes found m many of these experiments were 
caused, entirely or partially, by simultaneous vanations m the unne 
output 

A defimte mcrease m the excretion of unc aad is generally seen after 
the mgestion of foodstuffs that are nch m punnes, and this mcrease 
occurs even withm the first hour after a meal (34, 269, 285, 293, 294) 
Some of the studies show that there are no defimte changes after 
the mgestion of purme-free protems (34, 285) , others show a definite 
mcrease m the excretion of up to 100 per cent (241, 243, 293, 294) 
No changes m the excretion of unc aad that cannot be attnbuted to 
simultaneous changes m the excretion of unne are seen m any case 
after the mgestion of fat (34, 241) The same is generally the case 
after the mgestion of carbohydrates (34, 241, 286), but a fairly dis- 
tmct maease m the exaction of unc aad, which, however, never 
even approximates the changes observed after the mgestion of pro- 
tein, IS seen m a few expenments (294) after the mgestion of very 
large quantities, e g several hundreds of grams of honey 

A considerable decrease m the excretion of unc aad occurs imme- 
diately durmg a fast of long duration, the value nses agam to almost 
the usual endogenous level after a few days Benedict (13) thus 
found an mitial fall to 0 042 g unc aad N followed by a fairly con- 
stant exaction of 0 1 g a day Lennox (236) found an mitial fall 
to 0 1 g unc aad followed by a constant excretion of 0 3 g a day 
Correspondmg values have also been found by many other mvestiga- 
tors (40, 237, 253, 381) 

A s imil ar deaease m the excretion of unc acid is observed with high 
fat diet (56, 172, 173, 422), after the admmistration of CaCb (1, 400), 
lactic acid and aromatic acids (331), while, on the other hand, an 
mcreased exaction has been descnbed after the admmistration of 
bicarbonate (298, 382, 387, 422) and pjnuvic aad (331) 

Ctitcliophm generally produces a considerable mcrease m the excre- 
tion of unc aad and a simultaneous decrease m the unc aad m the 
blood of normal subjects and gouty patients (24, 87, 90, 97, 116, 128, 
138, 150, 151, 152, 156, 182, 249, 281, 297, 317, 395, 399, 400, 402, 
437, 438, 442) No, or only a shght, mcrease m exaction is seen m a 
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few cases (116, 152, 156, 297, 395), but, as a rule, the excretion of unc 
aad increases greatly soon after the ingestion, shghtly after continued 
ingestion, and becomes subnormal after the ingestion ceases (97, 
152, 400) 

The cause of the mcreascd cxcrebon is, presumably, a decrease m 
the reabsorption in the tubules, since the excretion of other non- 
protein mtrogen substances and of water is, as a rule, unchanged 
Simultaneously, an increased flow of unc aad seems to occur from the 
tissue to the blood A primary increase m the blood unc aad is 
described m a few cases (156, 249) Denervation of the kidneys of 
Dalmaban dogs stops the action of anchophen (150, 151) 
Sahcylata produce a moderate increase m the excretion of unc 
aad of normal subjects and patients with gout and a slight corre- 
sponding decrease m the unc aad m the blood (86, 98, 169, 207, 
353, 382) The action is increased considerably by the simultaneous 
ingestion of glyan (330) 

Sodium bemoatc was found by Denis (87) to increase the excretion 
of unc aad, though other authors found the excretion to be unchanged 
or lessened (244, 329, 407) 

Ptperazin produces a slight increase in the excretion (49, 90) 
Colchicine produces no increase of the urotropic excretion (36, 87, 
273), but some increase in the cnterotropic excretion has been found 
m experiments with animals (383) 

Cajein and theophylhn have been found by several authors to in- 
CTeasc the excretion of unc aad (24, 171, 314, 358) This is largely 
due, however, to the fact that these substances themselves react with 
many of the unc aad reagents employed in the colorimetnc methods 
(171, 314) Theobromine causes no mcreasc in the excretion of unc 
and, os it docs not react with unc aad reagents 
The Carlsbad cure produces increased excretion of unc aad (405), 
though It IS hardly so great that it cannot be attnbuted to the in- 
CTcascd exaction of unne 

Adrenalin produces very varying conditions Some authors find 
uiaeascd exaction of unc aad (62, 168, 177) Others find dcacascrl 
exaction (228) or indefinite changes (248) Similar indefinite or 
contradictory results ore found after pilocarpin and errotamin (168, 
177,269.286) s v . 

The influence of exercise on the exaction of uric aad has been the 
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The influence of individual foods on the excretion of unc aad, meas- 
ured for shorter penods, has been the subject of numerous mves- 
tigations 

However, the changes found m many of these experiments were 
caused, entirely or partially, by simultaneous vanations m the urme 
output 

A definite mcrease m the excretion of unc aad is generally seen after 
the mgestion of foodstuffs that are rich m purmes, and this mcrease 
occurs even within the first hour after a meal (34, 269, 285, 293, 294) 
Some of the studies show that there are no defimte changes after 
the mgestion of punne-free protems (34, 285) , others show a definite 
mcrease m the excretion of up to 100 per cent (241, 243, 293, 294) 
No changes m the excretion of unc aad that cannot be attnbuted to 
simultaneous changes m the excretion of urme are seen m any case 
after the mgestion of fat (34, 241) The same is generally the case 
after the mgestion of carbohydrates (34, 241, 286), but a fairly dis- 
tinct mcrease m the excretion of unc aad, which, however, never 
even approximates the changes observed after the mgestion of pro- 
tein, is seen m a few experiments (294) after the mgestion of very 
large quantities, e g several hundreds of grams of honey 
A considerable decrease m the excretion of unc acid occurs imme- 
diately durmg a fast of long duration, the value nses agam to almost 
the usual endogenous level after a few days Benedict (13) thus 
foimd an mitial fall to 0 042 g unc aad N followed by a fairly con- 
stant excretion of 0 1 g a day Lennox (236) foimd an mitial fall 
to 0 1 g unc aad followed by a constant excretion of 0 3 g a day 
Correspondmg values have also been found by many other mvestiga- 
tors (40, 237, 253, 381) 

A similar decrease m the excretion of unc acid is observed with high 
fat diet (56, 172, 173, 422), after the admmistration of CaCL (1, 400), 
lactic aad and aromatic aads (331), while, on the other hand, an 
mcreased excretion has been descnbed after the admmistration of 
bicarbonate (298, 382, 387, 422) and pyruvic aad (331) 

Ciiichophm generally produces a considerable mcrease m the excre- 
tion of unc acid and a simultaneous deaease m the unc acid m the 
blood of normal subjects and gouty patients (24, 87, 90, 97, 116, 128, 
138, 150, 151, 152, 156, 182, 249, 281, 297, 317, 395, 399, 400, 402, 
437, 438, 442) No, or only a shght, maease m excretion is seen m a 
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few cases (116, 152, 156, 297, 395), but, as a rule, the excretion of unc 
aad increases greatly soon after the mgcsbon, shghtly after continued 
ingestion, and becomes subnormal after the mgestion ceases (97, 
152, 400) 

The cause of the mcreased excretion is, presumably, a decrease m 
the reabsorption m the tubules, since the excretion of other non- 
protein mtrogen substances and of water is, as a rule, unchanged 
Simultaneously, an mcreased flow of unc aad seems to occur from the 
tissue to the blood A primary mcrease m the blood unc aad is 
described m a few cases (156, 249) Denervation of the kidneys of 
Dalmatian dogs stops the action of anchophen (150, 151) 

Salicylates produce a moderate increase m the excretion of unc 
aad of normal subjects and patients with gout and a shght corre- 
spondmg decrease m the unc aad m the blood (86, 98, 169, 207, 
353, 382) The action is increased considerably by the simultaneous 
mgestion of glyon (330) 

Sodttwi benzoate was found by Dents (87) to increase the excretion 
of unc aad, though other authors found the excretion to be unchanged 
or lessened (244, 329, 407) 

Ptperasm produces a slight mcrease m the excretion (49, 90) 

Colchctne produces no increase of the urotropic excretion (36, 87, 
273), but some increase m the enterotropic excretion has been found 
ui experiments with animals (383) 

Cqffetn and theopltylhn have been found by several authors to in 
crease the excretion of unc aad (24, 171, 314, 358) This is largely 
due, however, to the fact that these substances themselves react with 
Diany of the unc aad reagents employed in the colonmetnc methods 
(171, 314) Theobromine causes no increase in the excretion of unc 
add, as it does not react with unc aad reagents 

The Carlsbad cure produces increased excretion of unc aad (405), 
though it IS hardly so great that it cannot be attnbuted to the in- 
creased exCTebon of unne 

Adrenalin produces very varying conditions Some authors find 
mcreased exaction of unc aad (62, 168, 177) Others find dcacascd 
excretion (228) or indefinite changes (248) Similar indefinite or 
contradictory results arc found after pilocarpm and ereolamin (168. 
”7.269,286) 

The influence of exercise on the exaction of unc aad has been the 
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subject of vanous investigations, the results of which, on the whole, 
agree fairly well Bunan (51) found that the excretion of unc acid 
falls somewhat durmg work and nses after work, the vanations being 
to some extent compensatory. .S imil ar observations have been pub- 
hshed by many subsequent authors (153, 180, 206, 215), though 
others find that the total excretion is somewhat mcreased (104, 
141, 263) Qmck (332) found that the excretion of unc acid durmg 
rest m the forenoon remams constant at about 25 mg per hour 
Walking at an ordmary pace does not change this, but strenuous 
work or runmng sometimes, but not always, decreases the excretion 
to about a half 

The details given m most of these studies are not full enough for an 
estimate to be made of the extent to which the vanations observed 
m the excretion of unc aad are due to vanations m the water output 
A few more fuUy descnbed experiments (153) show that the decrease 
m the excretion of unc aad durmg exerase comades with a fall m 
the unne volume to below the augmentation limit The maeased 
exaetion after exerase is probably connected with the frequently 
observed maease m the unc aad m the blood (see above) Vana- 
tions m the lactic aad metabohsm m the organism perhaps play a 
certam part m the changes (332) 

Unc acid clearance Many authors have tned to form a basis for 
their estimation of the abihties of different persons to excrete unc 
aad by companng the content of unc aad m the blood and that m the 
unne 

Watanabe (434) thus found that the ratio between the content of 
unc aad m the blood (m mg per cent) and the amount of unc aad 
exacted m 1 hour (m mg ) was constantly from 0 10 to 0 30 for nor- 
mal persons, but that it is higher for patients with renal msuffiaency 
Steimtz (403) calculated the ratio of the content of unc aad m the 
blood (m g per hters) and the square root of the quantity of unc aad 
(g ) excreted m 24 hours and found values between 0 037 and 0 051 
for normal persons, but that the figures were considerably higher for 
patients with Bright’s disease and gout Similar mvestigations with 
correspondmg results were carried out by Highley and Upham (188) 
and by Chabamer and Lobo-OneU (60) Gottheb (149) calculated 
the ratio between the unc aad concentration m unne and that m 
blood after dry diet for 24 hours and found values about 20 for nor- 



TIEIC ACID CONTENT IN BVOQD AND HEINE 


189 


mal persons and considerably lower figures for patients with renal 
insufiBaency 

Berglund and Fnsk (24) worked out the so-called “Elimination 
Index,” the ratio between the amount of unc aad excreted m 1 
hour (mg ) and the content of unc aad m the blood (mg per cent) 
The ehimnation indices for 76 normal persons were found to vary 
from S 1 to 19 2 (average 11 4) Lower values were found for pa- 
tients with renal msuffiaency 

Finally, Brjfchner-Mortensen determined the unc aad clearance, 
using the formulae found from the mvestigabon of urea In view 
of the above-mentioned influence of the water output on the excretion 
of unc aad, the formula for maximum clearance was used for major 
uimc volumes (> 1 cc per mmute) and that for standard clearance 
for lower unne volumes ( < 1 cc. per mmute) 

The average maximum unc aad clearance m 84 determmations 
mvolvmg 16 normal persons and made in standard conditions vaned 
from S 10 to 9 00, 1 e between 74 and 130 per cent of the common 
mean figure 6 93 The individual values vaned from 3 5 to 10 2, 
1 e between SI and 147 per cent of the common mean figure The 
average figures for unc aad standard clearance m 42 determmations 
mvolvmg 8 normal persons vaned from 3 95 to 8 78, i e between 56 
and 124 per cent of the common mean figure 7 08 The mdividual 
values vaned from 3 7 to 11 7, i e between 52 and 165 per cent of the 
common mean figure Comparative tests showed that the unc aad 
clearance vaned from 3 7 to 7 8 (average 6 4) per cent of the creati- 
nme clearance (unne volume > 1 cc per mmute) and from 6 7 to 13 4 
(average 10 1) per cent of the urea clearance (urmc volume > 2 
cc. per mmute) Calculations of the unc aad clearance of Gflrd- 
stara’s (139) and of Berglund and Frisk’s (24) matenal show 11 9 
and 19 1 ns mean figures, respectively The difference between the 
values m the vanous studies is due to the vanous analytical methods 
employed 

There does not seem to be any relation between the sixe of the unc 
aad clearance and factors such ns sex, age, height, and weight, and 
there docs not seem to be any mcasurcable difference in the values if 
the test persons arc given a punne free diet or an ordlnnrj punne 
containing diet m the days preceding the mvcstigation 

Several consecutive determinations of the unc add clearance dur- 
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mg the forenoon show that the vanations found are m no way related 
to the penod at which the deternunations were made Tests made at 



i/tnufaMor* 3rx/ of^er> ai/minislrsfntj afpunne 

Fig III Uric Acid Cixarance before and after Administration of Pdrine in 
Persons Whose Uric Acid Metabolism Must Be Considered Normal 
The values are recorded as percentage of the individual mean value determined before 
the administration 
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Bhort intervals throughout the 24 hours showed mamly falling values 
for the unc aad clearance during the course of the day, the values 
being lowest at night and rising in the early morning No vanation 
in the unc aad clearance was observed as a rule after the ingestion of 
purme free meals contaimng proteins A considerable increase was 
seen after punnc-contaimng meals, espcaaUy when the meal was 
given m the forcnooru The same was also seen after the intravenous 
injection of unc aad (34) 

When normal persons who for some days before the test have been 
on punne free diet or an ordmary purme-contaimng diet are given 
foods nch in punnes or receive mtravenous injections of hthium 
urate, the unc aad clearance is seen to mcrease by at least 60 per 
cent, often more (up to 180 per cent) (Fig m) The rise appears in 
one or two hours in the case of peroral, and more qmclJy m the case 
of intravenous, admmistration, generally lasting for several hours 
A nse of from SO to 85 per cent appears a httlc later and lasts a httle 
shorter if the persons have been on a diet very nch in punnes for the 
day before the test (36, 38) 

The vanations m the unc aad clearance found after adnumstration 
seem to be due to changes m the rcabsorption m the tubules From 
the previous discussion it is, however, hardly probable that the vana- 
tions are solely due to the existence of a definite threshold for unc 
aad 

If a 'corrected dearance’ is calculated by subtracting the ‘threshold 
value' found for each individual from the concentration of unc aad in 
the scrum, the individual values before and after admmistration arc 
only approximately constant, bemg generally about 30 cc., and varj- 
ing from 10 or IS to 80 or 90 cc (37) 

uwe ACID IN THE DLOOD AND ITRINE IN GOUT 

Unc aad «n blood 

As early as the middle of the nineteenth century Ganod (140) 
demonstrated the presence of unc aad in the blood of gout> palicnU 
by means of the thread test, though none could be demonstrated m 
the blood of normal subjects After the claboraUon of Fohn’a color- 
imetnc methods, m 1912, unc aad was found In the blood of all human 
bangs In spite of the s-cry s-aiying results obtained by the dilfercnt 
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modifications of the method, however, all the authors agree that 
mcreased values are found m the majonty of gouty patients 

Folm and Dems (115) were even of the opmion that hyperuncenna 
with no simultaneous mcrease of urea m the blood was a sure cntenon 
for the diagnosis of gout 

In 1917 McClure and Pratt (280) summarized the deter min ations 
made with Folm and Dems’s method that had been pubhshed and 
found less than 3 mg per cent unc aad in the blood of the majonty 
of normal persons and more than 3 mg per cent m that of 86 per cent 
of gouty patients 

Of more recent authors, Chauffard, Brodm, and Gngaut (65) foimd 
from 4 to 5 mg per cent in normal persons and from 7 2 to 12 7 mg 
per cent m 13 gouty patients Chauffard (64) earned out supple- 
mentary mvestigations and found correspondmg values m a further 
14 patients, the average value for all 27 patients thus bemg 9 4 mg 
per cent Folm, Berglund, and Denck (110) found from 3 0 to 6 0 
mg per cent for normal subjects and from 5 1 to 10 7 mg per cent for 
gouty patients on purme-free diet Frangon (127) found from 4 to 

5 mg per cent m the blood of normal persons and from 6 8 to 11 5 
mg per cent in that of gouty patients Jordan and Gaston (211) 
found less than 4 mg per cent as a rule, though sometimes up to 5 8 
mg per cent, m normal subjects, and from 3 9 to 10 2 mg per cent m 
17 gouty patients Schmidt (379) mvestigated a large number of 
patients with no changes m their unc aad metabohsm and found an 
average 3 53 mg per cent unc aad in the blood, the average for 71 
gouty patients was 5 83 mg per cent Jacobson (202) mvestigatmg 
normal persons on mixed diet found from 1 9 to 6 7 mg per cent unc 
aad in the serum, the mvestigation of 17 gouty patients (untreated) 
showed from 6 0 to 13 7 mg per cent for punne-free diet and from 

6 6 to 14 8 mg per cent for purme-contammg diet 

Br^chner-Mortensen (34, 36, 38), using the potassium femeyamde 

method, found from 3 3 to 8 4 mg per cent unc aad m the serum of 
normal persons on punne-free diet and from 6 0 to 22 1 mg per cent 
m gouty patients (Fig IV) 

Although accumulations of unc add are thus generally found m 
the blood of gouty patients, normal or even low values are very often 
reported (36, 38, 64, 65, 72, 110, 131, 161, 179, 184, 211, 247, 366) 



URIC ACID COKTENT IN BLOOD AND URINE 


193 


Among the more recent authors Gudzcnt (162) found hyperunccmia 
m 18 out of 26 patients, Bench, Vnnzant, and Nombard (184) m 
72 out of 100, Cohen (72) m 39 out of 48, and Hill (189) m 84 out of 91 
Brflchncr-Mortcnscn, usmg the potassium femeyamde method, found 
hyperuncenua m 43 out of 54 patients 
Normal values for the unc aad in blood arc not infrequently found, 
particularly m the mitial stages of the disease, though hyperunccmia 
IS observed almost constantly when the disease is a few years old 
(Fig V) 
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No dcCnilc vanations m the content of unc aad m scrum arc found, 
as a rule, corresponding to the attacks, but m some cases, particularly 
in the initial stages, increased values arc found dunng the attacks, 
and loner values during the intervals (36, 38, 72, 162, 183, 185, 328) 
No relation Is found on the whole betneen the degree of the hyper- 
unccmia and the frequenej and seventy of the attacks (36, 38, 247) 
Hj-peruncemia gencratl> occurs in patients with tophi but there is 
no fixed rule (36, 38, 131, 179, 292} 

Some decrease in the \-alucs is occasionally seen after punne free 
diet for a long time (77, 265) 
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TJrtc actd tn unne 

It has generally been considered that the hyperuncenna of gouty 
patients is of renal origin This assumption was onginally put for- 
ward by Garrod (140), who found that less unc aad was excreted by 
gouty patients than by normal persons, and that post-mortem ex- 
armnation often showed pronounced changes m the kidneys Subse- 
quent mvestigations have, however, shown that these renal changes 
are not constant and, at the begmnmg of the century, attempts were 

ttrfr ficf^ tn tcrutn 



J^urcfton ef fht c/tssBse tn 

Fig V Relation between the Duration of Gout and the Content of Ueic Acid 

IN Serum (Puko^e-Free Diet) 


made to eiqjlam the pathogenesis of the disease by theones of dis- 
turbance m the mtermediary punne metabohsm, or disturbances m 
the passage of unc acid from the blood to the tissue, and vice versa 
The renal theory was, however, taken up agam m a somewhat differ- 
ent form by Thannhauser (415, 417), who divided his cases into two 
groups, those with secondary renal gout, ongmatmg m an organic 
disease of the kidneys, and those with primary constitutional gout, 
m which the accumulation of unc aad m the orgamsm may be pre- 
sumed to be due to a partial functional deaease m the abihty of the 
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kidney to concentrate nnc aad although no organic changes in the 
kidney can be demonstrated Thannhauscr, however, built his theory 
on a very slender experimental foundation and but very few investiga- 
tions that throw any defimte bght on these problems have been pub- 
lished in modem hterature 

No few mvestigations mto the frequeniy of the simultaneous ap- 
pearance of gout and chnically observable organic kidney disease 
have been published 

Among the more recent investigations Bench, Vanrant, and Nom- 
bard (184) found “renal comphcations” in 26 of 100 gouty patients, 
of whom 14 suffered from renal insufficiency to varying degrees 
Wiihamson (441) exammed 1 16 gouty patients and found albuminuna 
in 52, of whom 22 had hypertonia as well Of Schmtker and Richter’s 
(380) 55 gouty patients 5 were found to have uremia, 15 nephrosclero- 
sis, 2 chrome hemorrhagic nephntis, and a further 16 albuminuria 
onl> Brdchner-Mortensen found signs of Bnght’s disease in 11 
out of 58 patients 

The methods evolved during the last few decades for the evaluation 
of the renal function were, however, but very little used for the mves- 
tigation of these patients, and very few investigations mto the pos- 
tulated partial functional decrease in the excretion of unc aad have 
been published 

Endogenous excretion A very large number of authors have m- 
\estigatcd the content of unc nad in unne alone 
As has already been mentioned, Garrod (140), in his comprehensive 
in\ cstigations of gouty patients found that the> excreted less unc aad 
than normal persons, which is presumably due to the fact that the diet 
of gouty paUents generally contmns less punne Correspondmg 
resulu were published later by others, but, after the division of unc 
aad exaction into endogenous and exogenous, a numba of low nor- 
mal or subnormal endogenous exactions have certainl> been found 
in goutj paUents (45, 327, 420), though values vaijmg from the 
normal arc not gcnerall) found (36, 38, 60, 110, 14S 179 219 
432, 433) ’ ' ' 

The investigation over a long penod o 
mttabohsm of whom might be presumed 
Br(ichncr Mortenven (34, 36) showed an 
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tion of from 269 to 532 mg a day (mean figure 374 mg ) , an average 
excretion of from 297 to 680 mg a day (mean figure 414 mg ) was 
obtamed for 11 gouty patients 

Several of the older authors (41, 45, 190, 267, 324) emphasized 
that the excretion of unc aad vaned greatly from day to day for 
gouty patients, and that a penod of especially low unc aad excretion 
(the anacntical stage) occurred immediately before an acute attack, 
after a greatly maeased excretion dunng the attack (Hamsaureflut) 
a new penod occurred with decreased excretion (postcntical depres- 
sion stage) A critical review of these older works, and subsequent 
investigations show, however, that when due allowance is made for 
diet, medicaments, and vanations m the unne volume, these fluctua- 
tions in the excretion of unc aad are very mconstant (36, 409) 

Some authors have earned out simultaneous determmation of the 
unc aad m blood and m unne, with a view to the possibihty of show- 
mg a deviation from the normal excretion of unc aad Steimtz (403) 
calculated the ratio between the unc aad m the blood (g per hter) and 
the square root of the unc acid excreted m 24 hours (g ), and found 
values aroimd 0 043 for normal persons, the values for gouty patients 
bemg higher (average 0 071) Similar values were pubhshed later 
by Chabamer and Lobo-OneU (60) Gottheb (149) determmed the 
ratio between the unc aad m the blood and that m the unne after 
dry diet for 24 hours and found values around 20 for normal persons 
but considerably lower values for gouty patients 

Mathiesen (273) found low normal and subnormal values for the 
unc aad clearance of a few gouty patients 

Brj^chner-Mortensen (36, 38) earned out a senes of comparative 
detenmnations of the unc aad clearance, urea clearance, and creati- 
rune clearance m 20 gouty patients 

Defimte orgamc kidney disease was foimd m 4 of the patients, chronic 
hemorrhagic nephntis in 2, and nephrosclerosis m 2 Measured by the 
creatinine and (or) the urea clearance, the renal function was normal m 1 
of these patients, and lowered to from 38 to 53 per cent m3 On the other 
hand, the values for unc aad clearance were normal (69, 132, 93, and 99 
per cent of the normal mean value) The mvestigation revealed dimmished 
renal function with no other sign of organic kidney disease m 3 of the pa- 
tients The mean values for unc acid clearance were 42, 41, and 48 per cent 
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of the nonnal mean figure, Le just bdow the lowest normal broit, whilst 
the mean values for the creatine and urea clearance were, respectively, 
47, 44, 55, and 47, 37, 63 per cent of the normal mean figure The values 
for the creatmme, urea, and unc acid clearance of the remainmg 13 of the 
20 patients were withm the range of variations found m normal subjects 

The total result showed that the unc aad clearance was within the 
normal vanation limit for 17 of the 20 gouty patients and that it 
was in no case definitely decreased in proportion to the creatinine and 
urea clearance The ratio between the concentration indices of the 
various substances also showed normal values on the whole The 
investigation of unc aad clearance without administration of punnes 
thus gives no support to Thannhauscr’s theory of partial functional 
decrease, and gives no information of any practical value for the diag 
nosis of gout 

Repeated investigations of the unc aad clearance of individual 
patients showed no definite relation between the values found and 
the acute attack observed dunng the same penod 

Exogenous excrelion While no definite difference is found as a rule 
between the unc aad excretion of nonnal subjects and that of gouty 
patients, a great number of investigations seem to show that the exog- 
enous unc aad excretion of the latter is less and that the duration is 
longer The investigations earned out by the vanous authors have, 
however, given very varying results This is parllj due to different 
cxpcnmenlal conditions and often to defective analytical technic, and 
partly to disregard of the influence of vanations m the water output on 
the excretion of unc aad Finally, the frequent occurrence of fairly 
considerable vanations in the endogenous excretion of unc aad makes 
the estimation of the endogenous excretion difficult 

No, or at any rate very slight, vanaUons in the unc aad in the blood 
and in the unne arc found as a rule after peroral administration of 
unc aad SivCn (392) and later other authors (261 , 414, 447) showed 
that unc aad is decomposed by bactenum cob and other intestinal 
bactena both in vivo and in vutro 

Since higher nuclcoprotan dcnvatlvcs arc also attacked to a greater 
or lesser extent by intestinal flora, some of the punne nngs being 
broken, onlj a fraction of the calculated amount of exogenous unc 
aad will be recovered from the unne after the peroral administration 
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of nucleoprotems or their various derivatives Sometimes about half 
of the amount calculated is recovered m normal subjects (29, 54, 389), 
but there are generally very considerable variations Frank and 
Schittenhelm (129) thus recovered from 7 to 41 per cent of the amount 
calculated 

The exogenous excretion after peroral admimstration is often less 
and of longer duration for gouty patients than for normal persons (45, 
162, 164, 250, 251, 280, 420, 421), it has, however, m course of time 
proved to be very difficult to lay down fixed cnteria for normal and 
for pathological excretion 

Ljungdahl (250, 251) found no certam difference between the abso- 
lute exogenous excretion of normal subjects and that of gouty pa- 
tients, the individual vanations bemg very considerable for both 
groups On the other hand, the exogenous excretion of gouty pa- 
tients seems to last somewhat longer In contradiction to this, 
McClure and Pratt (280) found, by companng their mvesbgations 
with those already pubhshed, that 88 per cent of 32 gouty patients 
excreted less than 20 per cent of the amount admimstered, while 89 
per cent of 35 normal persons excreted over 20 per cent The aver- 
age figures for the two groups were 20 and 38 per cent, respectively 
On the other hand, no certam difference was found between the two 
groups as regards the duration of the exogenous excretions Subse- 
quent mvestigators also find results that vary greatly and contradict 
one another Consequently the mvestigation is of very shght im- 
portance as an aid to diagnosis 

To avoid the highly varymg mdividual influence of the mtestmal 
flora and of the resorption taken as a whole, unc acid was for a time 
admmistered parenteraUy for diagnostic purposes 

The quantity recovered in the unne after mtravenous mjection of 
unc aad or punne compoimds is considerably greater than after 
peroral administration A great many investigators have thus foimd 
values in normal subjects that amount to even 100 per cent of the 
amount administered (63, 90, 164, 411, 416, 421) 

Others, however, find greater vanations with larger numbers of 
subjects Gnsbach (155) recovered only from 27 to 66 per cent from 
normal subjects, Schittenhelm and Harpuder (374, 375) from 18 to 
79 per cent, Thannhauser and Weinschenk (417) from 45 to 137 per 
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cent, KoeUer (223) from 23 to 69 per cent, Folin, Berglund, and 
DencL (110) from 30 to 90 per cent, and Heydkamp (187) from 90 to 
178 per cent Somewhat lower values are generally found m mvesti- 
gations of gouty patients, and the exogenous excretion often lasts a 
httle longer, but the variation for both groups is still so considerable 
that the diagnostic value of the investigation will often be proble- 
matic. 

As in the case of the results obtamed by peroral administration, the 
variations m the endogenous values make exact determmation of the 
size of the exogenous excretion very difficult 
Thannhauscr and Hemke (415) suggested that the mabihty of 
gouty patients to concentrate unc aad to more than about SO mg 
per cent m the unne was the pnnapal reason for the lower exogenous 
excretion often found for these patients Vollmond (432, 433), too, 
found that the abUity of gouty patients to concentrate unc aad was 
defiaent, but contemporary (252) and many later investigations 
shov, that many cases display no deviation from the results obtained 
from normal subjects This is particularly dear when due considera- 
tion IS paid to the variations in the water output 
Most investigations of exogenous excretion arc earned out on the 
24-hour unne The details of the vanation in the water output dunng 
this long penod are not observed, the unc aad therefore being ex- 
creted in a unne volume that is sometimes over and sometimes under 
the augmentation limit Hence, the details of the vanation of the 
exaction of unc aad also escape observation Furthermore, even if 
the vanations m the unne volume were considered, the fact remams 
that the excretion of unc aad vanes considerably dunng the course of 
the day , and is somewhat constant in the forenoon only 
Brjichner Mortensen (34, 36, 38) therefore earned out a senes of 
peroral and intravenous administrations to normal persons and gouty 
patients, in which the vanations in the unc aad dcarancc were fol- 
lowed by frequent dclcnninations dunng several short penods of 
from 30 to 60 minutes The investigations were earned out in the 
forenoon, when the unc aad dearance is liable to the least spontane- 
ous v-anationa As has been stated above, an increase in unc aad 
clrarancc of from 60 to 180 pa cent (Fig HI) was observed after 
administration to nonnal subjects who had been kept on a purine free 
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or ordinary mixed diet for some days before the mvestigation No 
vanation or, at the most, an increase of up to 50 per cent resulted from 
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Fig VI Ueic Acid Clearance in Goutv Patients beeore and after Administration 

OF Pdrine 

The values are the percentage of the individual mean value determined before admin- 
istration 

17 admimstrations to 14 gouty patients, though an mcrease m the 
clearance of two further patients was of the same magmtude as that 
of normal persons (90 and 180 per cent) (Fig VI) 
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Investigation of the vanations in unc aad clearance occurring after 
administration thus shou'S features that are not constant enough for 
any diagnostic significance to be attached to the results The expen- 
ments shoiv, however, with certainty that the excretion of exogenous 
unc add bj the majority of the gouty patients deviates to a more or 
less pronounced extent from that of normal persons 

URIC ACID IN TIIE BLOOD AND URINE IN BRIGHT’S DISEASE 

Urtc acid tn hlcod 

In about the middle of the previous century Garrod (140) demon- 
strated with his thread test an increase of unc aad in the blood of 
patients with uremia, but it was not until the dose of the centurj' 
that this observation was confirmed by more exact chemical methods, 
particularly by v Jaksch (203, 204) 

After the appearance of Fohn’s colonmetnc analytical methods in 
1912, the question was made the subject of more extensive chmeal 
investigations 

Polm and Denis (113, 114, 115) earned out a senes of comparative 
investigations of the content of unc aad and urea in the blood and 
found that an increase in the amount of unc aad, without the simul- 
taneous retention of urea, onlj occurred in gouty patients, whereas 
patients with Bnght’s disease and retention of urea gave values that 
were sometimes normal, sometimes increased 
Later on, however, a long senes of reports were pubhshed, espeaaUy 
in Amenca, that seemed to show that uric aad retention is an early 
and important sign of inapicnt renal insufEaency 
M>ets and Pine (311), Myers and Lough (313), Chace and Myers, 
(61), Myers, Fine, and Lough (312) thus often found hyperuricemia 
in patients with kidney disease without retention of urea and creat- 
inine though, on the other hand, retention of urea was always ac- 
compamed by hypcrunccraia 

Krauss (226) found from repeated exarmnation of paUents with 
acute and chronic hemorrhagic nephritis that the unc aad was often 
retained before the other non protein nitrogen subsUnccs, and more- 
over that the h>-pcruncetma lasted longer dunng recovery than the 
retenUon of urea An increase to over 10 mg per cent unc aad in 
the blood was considered to be a sure sign that the course of the kidney 
disease would be rapid and fatal 
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Similar observations have been reported by many other authors 
(11, 83, 96, 142, 165, 205, 231, 246, 268, 271, 284, 290, 291, 309, 326, 
429, 430, 434) 

A number of these even thought they were able to assert that the 
determmation of unc aad was of more importance m the exammation 
of patients with Bnght’s disease than the determmation of urea 

In this connection Elrauss (226) asserted that “die bequem aus- 
zufuhrende U-bestimmung im Blut kann demnach bei der Beurtedimg 
von Nierenerkrankungen die Bestimmung der libngen N-komponenten 
meistens erubngen,” and, as late as 1934, somewhat the same was 
said by Lichwitz (246) 

This view has only been adopted to a very shght extent m chmcal 
practice The reasons are, presumably, partly the generally prevalent 
uncertamty as to the methods of anal)^is, and partly that hyperun- 
cemia can be found m many diseases without renal affection, m par- 
ticular in gout, cardiac failure, diseases of the hver, diabetes meUitus, 
various diseases of the blood, febrile diseases and poisonmg with 
various substances 

It has, furthermore, been asserted from various quarters that, 
though retention of both urea and unc acid is certainly found in 
pronounced renal msufficiency, there is generally no proportion be- 
tween the quantities of these two substances, and that the amount of 
urea retained is the best mdication of the course of the disease Fem- 
blatt (96) thus gives an account of two patients with uremia, m the 
blood of each of whom about 400 mg per cent urea was found, but 
35 5 and 5 0 mg per cent unc aad, respectively Several investiga- 
tors of uremia observed first retentions of unc aad and urea that 
followed a parallel course and later on, m spite of mcreasmg retention 
of urea, constant or even falling values for unc aad The cause of 
this was, presumably, partly a compensatory mcrease in the excretion 
through the bde and through the gastnc and intestinal secretions with 
consequent destruction by the action of the mtestmal bactena, through 
which the possibihty of reabsorption was deaeased 

Finally, it must be emphasized that Holbrook and Haskins (192) 
in their mvestigations of 126 patients with Bnght’s disease found 
retention of unc aad m no case earher than the retention of urea 
Woods (444), too, often found retention of urea but not of unc aad in 
patients with Bright’s disease No tendency was generally seen in 
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BtjicJvner-Mortensen’s (35) investigations with the potassium fcmcy- 
anidc method towards the retention of unc aad m the blood before 
that of urea, relatively much greater retention of urea than of unc 
aad being observed in severe cases of renal msuffiaency (Fig VII) 
A number of authors have compared the content of unc aad m the 
blood with the results of vanous renal function tests 
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Myers, Hnc, and Lough (312) found hypcrunccmia in a number of 
patients mth no rcmarhablc diromution m the excretion of phcnol- 
sujphoncphthalan 

Chabanier and Lobo-Ondl (60) sometimes found normal unc aad 
s-alucs m the blood m spite of a pronounced increase in Ambard’s 
mnsiant There was no proportion between the content of unc aad 
in the serum and i\mbard’s constant m the patients with hyperun- 
cemin 
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Johnston (208) made sunultaneous detenmnations of the unc aad 
in the blood and the urea dearance, and found only very poor agree- 
ment m the vanations In many of the cases m which the dearance 
was below 20 cc a minute normal unc acid values were found, and 
Brj^chner-Mortensen (35) found very similar results on companng the 
content of unc aad m the blood (potassium femcyamde method) with 
the dearance of urea and creatmme 

Unc actd tn unite 

Detenmnation of the unc aad m the unne alone gives, as a rule, 
no rehable mdication of the functional abdities of the kidney The 
amoimt excreted through the kidneys does not decrease to any defi- 
mtely measurable degree until there is a very considerable decrease m 
the renal function (35) 

Somewhat more pronounced changes are seen when the content of 
unc aad m the blood is compared with that m the unne 
Watanabe (434) mvestigated the relation between the unc aad m 
the blood (expressed m mg per cent) and the amount of unc acid 
excreted in an hour (expressed m mg ) and found from 0 10 to 0 30 
for normal subjects and up to 2 2 for patients with renal msuffiaency 
Steimtz (403) calculated the ratio between the unc aad in the blood 
(g per hter) and the square root of the unc aad exacted m 24 hours 
(g ), and found values between 0 037 and 0 051 for normal persons and 
considerably higher values for patients with Bnght’s disease Snmlar 
mvestigations were earned out with correspondmg results by Highley 
and Upham (188), Chabamer and Lobo-OneU (60), et al 

Gottheb (149) calculated the ratio between the concentration of 
unc aad m unne and m blood after a dry diet for one day and found 
values around 20 for normal subjects and considerably lower values 
for patients with renal msuffiaency 

Gardstam (139) mvestigated the relation between the excretion of 
unc aad and that of creatmme by a calculation of the “Exkretions- 
prozentsatz” (unc aad clearance expressed m percentage of crea- 
timne clearance) and ‘Exkretionsindex’ (the amount of unc acid 
excreted per minute expressed m percentage of creatmme clearance) 
Very constant values were found for normal persons and patients with 
simple toxic and orthostatic albummuna, 8 5 d= 2 7 and 0 31 ± 0 06, 
respectively, while, on the other hand, considerable maeases were 
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often found in patients with acute and chronic hemorrhagic nephritis, 
pyelonephritis, and nephrosclerosis An increase m the “Exkre- 
Uonsindci" was assumed to be a sure early sign of renal msuffiaency 
A cntical review of Gardstam’s (139) and Br^ner-Mortenscn’s 
(35) studies shows, however, that lowered crcatmmc and, espeaaUy, 
urea clearance is very often found in spite of normal values for the 
"Eikretionsindei ” 

Berglund and Fnsk (24) calculated the so-called “EhminaUon- 
index,” the ratio between the amount of unc aad excreted m one hour 
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Fio Vni Ratio or Uric Aero Clearance to CuiAronvc ClXA»A^CE for Patientb 
WITH Bwcirr's Disease 

The line Inserted shows the mcAn value of the data for normal persons. 

(mg ) and the content of unc aad in the blood (mg per cent), and 
found values between 5 1 and 19 1 (average 114) for normal subjects 
The values for patients with kidney disease decreased proportionatelj 
with the CTcatimne clearance (coeffiaent of correlation -fO SO ±0 04) 
No certam tendency to a rclatisc increase in the elimination index 
with a decreasing creatinine clearance was found 
Brjjchner Morlenscn (35) investigated a senes of patients with 
vanous kidney diseases and found that the maximum unc aad clear- 
ance varied betneen 2 6 and 15 8 and that the standard unc aad 
clearance varied bctivecn 0 9 and 83, the corresponding values for 
normal persons being from 3 5 to 103 and from 3 7 to 11 7 On the 
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whole, the unc aad clearance decreased simultaneously with the 
diminution m the urea and creatinine clearance, espeaally when the 
deviations from the normal were very shght (Figs VUE and IX) 
The reduction is, however, not proportional, for the unc aad clear- 
ance will often be relatively better mamtamed than that of creatinme 
and of urea, m many cases it may be completely normal, m spite of a 
considerable deaease m the urea and creatmme clearance, presumably 
because of a deaease m the reabsorption of unc acid m the tubules 
It IS, however, very doubtful whether any diagnostic or prognostic 

tjnc dtici e^irdnct 



Fig IX Ratio of Uric Acid Clearance to Urea Clearance for Patients with 

Bright’s Disease 

The unc aad clearance is calculated by the formula for the maximum clearance with a 
water output of > 1 cc per mm , and by the formula for the standard clearance with a 
water output of <1 cc per mm The urea clearance is shown as the percentage of the 
normal mean figure (Cm «= 75, C, = 56) The value is calculated by the formula for 
the maximum clearance with a water output of ^2 cc per mm , and by the formula for 
standard clearance with a water output of <2 cc. per mm 

The Ime inserted shows the mean value of the data for normal persons 

Significance can be attnbuted, as it has been by Gardstam, to the 
vanations m the ratio between the clearance of the vanous substances, 
smce qmte simil ar vanations can be found m patients whose kidneys 
are, to all appearances, mtact 

URIC ACID IN THE BLOOD AND URINE IN VARIOUS OTHER DISEASES 

A large number of observations have been published deahng with 
changes m the content of unc aad m the blood and m the unne m 
vanous pathological conditions besides gout and Bnght’s disease 
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Hyperuncenua and increased endogenous excretion of unc acid, 
caused by increased decay of the tissue, arc often seen m patients with 
acute Jebrile diseases, pneumonia, sepsis, typhoid, erysipelas, scarla- 
tina, and tuberculosis ( 89 , 96 , 130 , 203 , 204 , 205 , 221 , 222 , 226 , 308 , 
379 , 388 , 429 , 439 ) It has very often been observed that such 
diseases brought on attacks of gout, and the same is seen after poison- 
ing by carbon monoxide, ammonia, veronal, methyl-alcohol, etc, 
( 82 , 226 , 333 , 379 ), in some cases partly m consequence of renal 
damage 

Several mvestigators have announced that they have found a de- 
crease m the content of unc aad m the blood and an mcrcased excre- 
tion dunng treatment with X-rays and radtum The changes, how- 
ever, are very uncertain and inconstant ( 29 , 97 , 159 , 216 , 220 , 319 , 
400 ) 

A low concentration of unc aad in the blood is often found m acute 
and chrome polyarthritis ( 66 , 211 , 221 , 222 , 326 , 402 , 432 , 433 ), and a 
high excretion ( 423 ), caused, piossibly, by salicylate treatment 
An maease of unc aad is generally found m the blood and unne of 
patients with leukemia ( 45 , 126 , 212 , 221 , 222 , 226 , 266 , 340 , 379 ), 
and in a number of cases the simultaneous occurrence of leukemia and 
gout has been desaribed ( 12 , 46 , 57 , 91 , 146 , 167 , 320 , 322 , 341 , 385 , 
425 ) It is, however, impossible to decide from existing pubhcations 
whether the simultaneous occurrence of the two diseases is more 
frequent than might be expected from fortuitous coinadence 
Very varymg values are found m the blood and urine of patients 
wth pernicious anemia ( 144 , 145 , 213 , 344 , 345 , 346 , 419 ), though 
normal or shghtly subnormal \aluc3 have been found in most of the 
untreated cases A moderate increase in the unc aad in the blood 
and a pronounced increase m the amount of endogenous uric aad 
excreted are generally seen dunng treatment with liver extract almost 
simultaneous!) with an increase in the number of reticulocytes 
According to Riddle ( 345 ) this is even so constant that on a rise of 
1 ,000,000 per c. mm in the erythrocyte count a simultaneous increase 
of about 10 g in the excretion of unc aad is found In many cases 
attacks of gout have been observed slmultaneouslv with this inten 
sivc formation of endogenous uric aad ( 185 , 386 , 397 ) 

Corresponding mcrcascs in the amount of endogenous unc aad 
have been observed dunng regeneration of the blood after hemor 
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rhage (224) or in hemolytic jaundice (239) Hyperuncemia is also 
often found in patients with polycythemia (199, 379) , it is frequently 
noted as a general dinical expenence that gout often occurs in these 
patients Few of these cases have, however, been pubhshed (36, 
38, 282, 341, 380, 436) 

Increased values for the unc acid m the blood and in the unne are 
not infrequently seen in patients with diseases of the liver and the Miary 
system (27, 33, 70, 71, 96, 135, 340, 372, 379, 419) The cause is 
partly decreased excretion of unc aad through the bihary system and 
partly increased formation of endogenous unc aad resultmg from 
decay of the nuclem-nch parenchyma H 3 q)erunceima is, however, 
not found constantly, and often does not occur m the severest cases 
of hver damage (70, 334, 372, 379) 

The relation between hepatogenous h)rperuncerma and the oc- 
currence of gout has often been discussed, but has not been fully 
investigated More or less pronounced changes are not infrequently 
found on examination of the hver function m gouty patients (36, 71, 
349) 

Hyperunceima is often found m patients with arterial hypertension 
and severe cardiac decompensation, m certam cases with no demon- 
strable sign of decrease in the renal function (99, 205, 226, 231, 290, 
379) 

It IS, furthermore, observed m patients with severe diabetes mdlitus, 
particularly m cases with aadosis (226, 294, 310, 338, 379) Normal 
values are generally foimd for the unc aad m the blood of diabetics 
without aadosis, the values in a few cases being around the upper 
normal limit (170) 

A considerable endogenous exaetion of unc aad (about 1 g a day) 
IS foimd m acromegaly (94, 227, 377, 412) 

Hyperuncemia, generally moderate, is sometimes found m chronic 
eczema, psoriasis, urticaria, and alhed diseases (26, 74, 96, 234, 270, 
368, 369, 448) 
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INTRODUCTION 

The recent observation of 4 cases of acute hemolytic anemia re- 
spondmg dramatically to splenectomy proved of espeaal mterest 
when an active hemolysm was repeatedly demonstrated in the serum 
of two of them (65) Hemolytic icterus as an entity distmct from the 
obstructive t)^e was first defimtely described m 1900 by Minkowski 
(234) and separated mto congemtal and acquired types by Chauffard 
(43), Widal (364) and their collaborators Chauffard and Troisier 
(47) furthermore descnbed a third (“hemolysmic”) group, which was 
charactenzed by the presence of iso-hemolysms in the serum Numer- 
ous studies on fragihty, reticuloc)d;osis, auto-agglutmation, and 
hemolysins were earned out by Chauffard (43), Widal (361, 362), 
and their pupils but were apparently abruptly termmated with the 
beginning of the World War m 1914 In the foUowmg decade, many 
of the teachmgs of the French school were apparently forgotten, for 
the report by Lederer (197) of 3 cases of acute hemol3dic anemia in 
1925 was hailed as that of a new disease entity With rare exceptions, 
the numerous authors reporting cases of this acute form of acqmred 
hemolytic icterus have ignored the older hterature and have usually 
designated the condition as “Lederer’s anemia ” 

The finding of hemolysms m our cases led to vanous studies re- 
lating to the pathogenesis of the hemolytic syndromes (66) The 
conclusion was reached that these conditions (hemoglobmunas, 
most types of hemolytic icterus or anenua) often differed more m 
degree than otherwise, and nught be brought about by the action of 
hemolysins of vanous types and “dosages ” An outstanding feature 
of the blood picture m both the chmeal and experimental cases was 
the tendency of the red cells to assume a sphencal shape, and thus to 
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become abnormally fragile to hypotomc solutions of sodium chloride 
It was concluded that spherocytosis (and abnormal salme fragihty) 
were dependent upon the acbvity of vanous types of hemolysins 
upon orculatmg erythrocytes, and not upon an abnormal type of 
erythrocyte production within the marrow 

Many of the teachmgs of Chauffard, Widal, Troisier (332) and 
others of the French school from 1907-1915 seem refreshmgly new 
when compared with some of the more recent literature Thus, with 
respect to classification of hemolytic anerma (icterus), the old termi- 
nology of congemtal and acquired types, amongst which acute, sub- 
acute, and chrome forms are discriminated, seems more rational than 
the present rather confusing picture Although acute hemolytic 
anerma (the acute type of acquired hemolytic icterus) is probably 
not a separate disease warrantmg an eponym, it is nevertheless of 
exceptional mterest smee it permits much insight mto the patho- 
logical physiology of the hemol3ftic states The dramatic response 
of our cases to splenectomy, when transfusions were meSective, 
immediately impbcates the spleen as perhaps the central organ of 
abnormal hemolytic activity 

The report which follows is based upon chnical and experimental 
studies earned out m connection with 4 cases of acute hemolytic 
anemia together with a cntical review of the hterature Although 
these studies have led us rather far afield into immunology and the 
physiological pathology of the spleen, they have, however, served 
to unify for us the usually widely separated hemolytic states and 
to demonstrate such common denominators amongst them ns sphero- 
cytosis and hemolysm acUvitj In these respects, the study of this 
rather mre condition has proved of great profit 

CaimCAl REVIEW OF UTERATURE 

A Htstoncal 

Although sporadic reports of cases of anemia assoaated with icterus 
differing m some respecU from the progressive pcmiaous anemia of 
Bicrmcr had been published for several years, the knowledge and the 
differentiation of liemoljtic anemia from actual disease of the IKcr 
ma) be said to have begun with Hayem in 1898 (ISO) and Mm- 
kowski (234) m 1900 At the 18th Congress of Internal Mcdiane 
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held m 1900, the latter author reported a case of chronic hereditary 
acholuric icterus assoaated with urobihnuria and splenomegaly Be- 
cause of the findmg at post-mortem examination of marked siderosis of 
various organs, Minkowski h)^othecated an abnormal destruction of 
red blood cells due, he felt, to a primary lesion of the spleen This re- 
port was soon followed by a number of others citmg sinular cases, but 
no significant advance took place imtil the pubhcations of Chauffard 
(43-50) This mvestigator m 1907 discovered (43) that the red cells 
in this congenital disorder were unusually fragile as evidenced by their 
behavior towards h3^otomc solutions of sodium chlonde In publi- 
cations which followed (44r-50), Chauffard successively standardized 
the fragihty test, descnbed the reticulated red blood cells (reticu- 
locytes) and demonstrated their greatly mcreased number m congemtal 
hemolytic icterus, and drew attention to the microcytic character of 
the blood picture Chauffard’s pubhcations are models of lucidity 
and thoroughness, and portray the best of clmical investigation 
Dunng the same penod — from about 1908 to 1914, Widal, Abrami, 
and Brul 6 (361-367) pubhshed a senes of observations on a type of 
hemolytic icterus which was not congenital in type, and which ap- 
peared either gradually or suddenly m the course of vanous illnesses, 
or as a disease sm genens They called these cases ‘^acqmred he- 
mol3rtic icterus,” and pomted out the lack of an hereditary factor, the 
generally shght alteration in fragihty test as compared with the con- 
gemtal type, the presence of marked reticulocytosis and of auto- 
agglutmation of the red cells These observations were confirmed by 
many others and thus two types of hemolytic icterus or anenua were 
discnminated the congemtal type of Chauffard and Minkowski 
and the acquired type of Hayem and Widal Chauffard with his co- 
workers Troisier and Vmcent in 1908 and 1909 reported two cases of 
hemolytic icterus diffenng from both of these types by the presence 
in the serum of an hemolysm capable of hemolyzmg human red cells 
(isohemolysin) They called these cases “hemolysinic icterus ” 
The second case was extremely acute in its course and associated with 
hemoglobinuna Chauffard and Vincent effectively pointed out the 
physiologic relationships existing between acute paroxysmal hemo- 
globinuna on the one hand and congenital hemolytic icterus on the 
other 
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Widal, Abrami, and Brul6 differentiated chronic, subacute, and 
acute cases in their senes of acquired examples Ttlrk (337), m his 
comprehensive senes of lectures published m text-book form (1912), 
stated that a group of cases of hemolytic anemia resembled pemiaous 
anemia rather closely, but could be distmguished from it by vanous 
climcal and hematological entena In this group was a “Type S" 
(named after a patient with imtial S) characterized by subacute 
course, tendency to relapse, splenomegaly, and permaous anemia-hke 
blood picture He finally conceded the similanty of this group with 
the acquired hemolytic icterus of the French workers Also under 
the headmg of Group IV he desenbed as "acute hemolytic anemia” a 
case characterized by rapidly progressive down-hill course, fever, 
splenomegaly, urobihnuna, severe anemia, lenkocytosis, macro and 
microcytosis, polychromatophilia, and fatal termination 
In 1911 MicheU (231) reported, for the first time, the beneficml 
effect of splenectomy m a case of acquired hemolytic icterus In 
1912 and 1913 Banti (10) desenbed two cases of "hemolytic spleno- 
megaly” characterized by anemia, acholunc icterus, and spleno- 
megaly, and respondmg dramatically to splenectomy Banti’s 
detailed reports dealt with the fragflity test, the mode of action of the 
hemolytic substance, the hemolytic activity of splenic extract, and the 
effects of splenectomy Ho concluded that the spleen, through the 
medium of cytolysins produced by its large content of mesenchymal 
cells ivas the pnnapal organ of hemolysis and that its removal m the 
“pnmary” cases of spicnopathy with icterus was rational Aside 
from the routine treatment with iron and arsenic, this therapeutic 
procedure was the first specific type of therapy which bad thus far 
been introduced 

Antonelli (8) (1913) in a comprehensive article on hemolytic icterus, 
cntiazcd Banti’s concept of “hemolytic splenomegaly” and pomted 
out that this condition differed in no wise from that of the acqmrcd 
hemolj tic icterus of the French school After a thorough histonca! 
review of the entire subject, he described a case of "acquired hemolytic 
Icterus with anemia of the permcious type ” This was of the sub- 
acute vanety and responded dramatically to splenectomy Antonelh 
concluded that the citraordmaiy effect of splenectomy demonstrated 
that spicnopathy was n pathogenic factor of great importance m the 
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hemolytic process but could not be represented as the prune or only 
cause of the disturbance 

Roth (300) m 1913 reported an acute case of hemolytic icterus which 
showed both an autohemolysm and an autoagglutimn m the blood 
serum He criticized Chauffard and Vincent’s (50) conception of an 
“hemolysmic” type of icterus and postulated an abnormahty of the 
red cells Because of its rapidity of course, and the presence of free 
HCl m the gastric jiuce, he regarded his case as an atypical example 
of permaous anenua The patient died 

Eppmger (102) and other members of the Vienna school soon 
became convmced of the dramatic effect of splenectomy m cases of the 
acquired type of hemol 3 rtic jaundice and the first general article on the 
effects of splenectomy m diseases of the blood was pubhshed by 
Eppmger and Ranzi (103) (1914) From Vienna also came the 
detailed descnption of a case of acute hemolytic anerma (Nobel 
and Stemebach (250), (1914) respondmg to splenectomy and m which 
dense, Jtetnoglohtn-laden microcytes were conspicuous That these 
were typical spherocytes is brought out m an illustration of the 
blood picture from this case m Eppmger’s book on the Hepato- 
Lienal Diseases (102) (p 206) In this volume, which m many 
respects was greatly ahead of its time, the vanous types of hemo- 
lytic icterus are well descnbed and differentiated The congen- 
ital and acquired types are demarcated, and among the latter are 
distmguished secondaury and cryptogenetic or primary types The 
blood picture m both the congemtal and acquired types is descnbed 
as entuely similar, and the erythrocjde fragihty as abnormal m both 
instances In 1919, Naegeh (245) first used the word “spherocyte” 
for the “dense, hemoglobm-laden microcytes” above referred to and 
thereupon laid down the dictum that this cell was pathognomonic of 
congemtal hemolytic icterus and was the result of abnormal erythro- 
cyte formation m the bone-marrow Like many other statements 
made by Naegeh, this was soon accepted as gospel and the concepts 
that the spherocyte and mcreased fragihty were (a) pathognomomc of 
congenital hemolytic jaundice and (b) formed m the bone-marrow 
became deeply ensconced Simultaneously, vanous authonties began 
to doubt the vahdity of the concept regardmg the acqmred form of 
hemolytic jaundice As stated by Meulengracht (229) (1922) “imder 
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this designation, many separate disease syndromes are collected ” 
Gradually the diagnosis of acquired hemolytic icterus was cast mto 
question 

In 1925, Lederer (192) published as a "new” syndrome under the 
title of “Form of Acute Hemolytic Anemia — Probably of Infectious 
Ongm” a group of 3 cases characterized by acute onset, rapid course, 
fever, acholunc icterus, splenomegaly, marked anemia, and leukocy- 
tosis, m which the dramatic response to transfusion of blood was 
emphasized These cases were identical with the previously described 
cases of Chauffard and Vincent, Nobel and Stemebach and several 
others FoUowmg Lederer’s paper, similar cases were soon reported, 
and by 1930, when Lederer (198) reported 3 further cases, the concept 
that a new type of anemia was present — "Lederer’s anemia” — seemed 
deeply rooted In none of these articles was the older hterature of 
acquired hemolytic icterus discussed For example, the several 
publications on “hemolysmic” icterus of a previous generation were 
almost completely neglected and forgotten Many mvesbgators 
were well acquainted with Widal’s phenomenon of auto agglutination 
m cases of acquired hemolytic icterus and, at least until 1914, tests 
were often made for the presence of autohemolysins, isohemolysins, 
and hctcrohemolysms in the scrum These serological factors were 
not mentioned m Lederer’s arbeies, and search for them was m no 
recent case reported until the arUde of Davidson (69) in 1932 in 
which marked spontaneous auto agglubnabon is reported m Case 9 
(also reported by Troisier and Cattan (334) and Patterson and Smith 


(264)) When Giordano and Blum (121) recently found autoagglu- 
tination in Case 2 of them senes, they stated that "the reported oc- 
currence of spontaneous autohemagglubnabon m the course of acute 
hemolytic anemia is observed for the first tune ” That heroolvsms 


might be present in the scrum was not “rediscovered” (cf P D 
White (360)) until the present authors’ recent pubheabon (65) 
Lcdercr’s chief contnbubons were m the rediscovery of a ^mdrome 
which had been lost sight of for more than a decade and in his demon- 
stration of the great therapeuUc efficacy of transfusioni of b'ood We 
fed, however, that the use of the cponymic "Ledeier’s anemia” is 
^warranted because of the undoubted pnonty of p-enoas deseno- 
bons At this pomt, cnbcism may be made that the French and 
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Itabans descnbed cases of hemolytic “icterus” and not of hemolytic 
“anemia ” That there cannot be any possible distinction between 
these terms should immediately be apparent Icterus due to hemoly- 
sis (red cell destruction) must of necessity be assoaated with anemia, 
smce if icterus is present suffiaently to be noticed, some anemia will 
almost always be present Although most French authors use the 
terms synonymously, Fiessmger, Decourt, and Laur (108) attempt to 
discrimmate between “acute hemolytic anemia” and “acquired 
hemolytic icterus” by statmg that although identical signs are present, 
icterus is dominant m the cases of acquired hemolytic icterus, whereas 
anemia is outstandmg m the former disease These arguments seem 
acadermc m the extreme and are not borne out m the exammation of 
the case reports of “acquired hemolytic icterus ” One must conclude 
that the use of the term “hemolytic anemia” as agamst “hemol)dic 
icterus” IS simply a matter of taste 

B Cases tn literature 

About 100 cases of acute and subacute hemolytic anemia have been 
reported by about 80 different observers smce 1907 Any hst of 
these cases must of necessity be mexact smce many cases of acute 
hemolytic anemia are undoubtedly buried under the titles of atypical 
anerma, progressive permaous anenua, atypical pemiaous anemia, 
pernicious anenua respondmg to splenectomy, etc The foUowmg is a 
partial hst of the titles which have been used m descnbmg this group 
of cases acute hemolytic anerma — ^probably of infectious ongm — 
Lederer (197) , acute hemolytic febrile or infectious anenua (Lederer 
(198)) (Altmann (5)), acquired hemolytic icterus with anemia of 
permaous type (Antonelh (8)), acute febnle pemiaous-hke anenua 
(Antognetti (7), Campanaca (37), Greppi and Semanza (128)), 
hemolytic splenomegaly (Banti (10)), acute febnle permaous ane- 
nua, acute permaous anenua, acute febnle anenua, acqmred hemo- 
lytic icterus, hemolysimc icterus (47), Lederer ’s acute hemolytic ane- 
mia, Lederer ’s anemia, acute anenuc syndrome of Lederer, acute 
hemolytic anenua — Lederer’s type, maaocytic hemolytic anenua 
(68), acute hemolytic anenua, acute anenua, acute grave anenua 

In the consideration of the cases of hemolytic anenua smtable for 
mclusion m our group of “acute” cases, the foUowmg cntena have 
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been set up (1) history of acute or fairly acute onset usually with 
gastro intestinal symptoms, rapidly progressive pallor and weakness, 

(2) signs of marked anemia with defimte icterus and splenomegaly, 

(3) evidences in the blood of severe anemia often described as macro- 
cytic m variety, (4) signs of mcreased blood formation leukocytosis, 
joung granulocytes, polychromatopbiha, reticulocytosis, nucleated 
red rcllc ^ (S) evidence m the body flmds of mcreased blood destruction 
such as bibrubinemia, mcreased urobdm output m the stools and 
unne, (6) evidence agamst permaous anemia such as lack of glossitis, 
absence of central nervous system phenomena, and presence of free 
HCl m the gastric juice, (7) lack of demonstrable or obvious cause for 
the hemolytic process such as bactena, chemicals, neoplasms, and 
pregnancy, and finally (8) complete absence of similar disease m the 
family 

In reportmg this senes of cases, another difliculty hes m the sep- 
aration of acute cases from those substantially similar cases which are 
chronic and subject to relapses Whenever the chromaty of the 
process has been obvious, these cases have been excluded It has 
been unpossiblc, however, nor is it wise, we feel, to differentiate be- 
tween the acute and the subacute cases The acute iulnunatmg case 
IS one (cf Case 3 of our senes) in which the course is one of a few days 
or a week and is not mfrcquently associated with hemoglobmuna, 
the subacute case (Cases 1, 2, and 4 of our senes) will be found to have 
a history of 1 to 3 months of gradually mcreasing fatigue and weak- 
ness, with final appearance for medical attention when marked anemia 
and fever are present 

Man) cases of acute hemolytic anemia have been reported in which 
a definite cause of the condition has been evident. These cases are 
in many or all respects similar to the “idiopathic” ones in course, 
symptomatolog), and blood picture. Widal, Abrami, and Brulfi 
(363 ct seq) recognized that vanous etiological factors might be 
present Tbc) listed malana, streptococac and staphylococcic 
infections, tuberculosis, anaerobic organisms mcluding the bacillus 
Wclchii and anch) lostomiasis as possible causes In recent years, 
with the gromng inaease m the use of various drugs, cases have been 
reported following the use of arsphenamme, ncoaTspbcnaminc, acetan- 
ilid (318), phen)lhydrazmc (176), and sulphanilamide (142, 177) 
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Lead poisoning may also be a cause (9) Numerous cases of liemol 3 dic 
anemia m assoaation with pregnancy have also been reported (392, 
256, 278, 304, 321, 372) and the marked similarity if not complete 
identity of these cases with the acute (idiopathic) hemolytic anemia 
has occasionally been mentioned Cases are also not mfrequently 
seen m assoaation with such conditions as Hodgkm’s disease (68, 
314a), lymphatic leukemia (262a) and carcinomatosis (348) As far 
as possible, these “symptomatic” cases have been excluded from 
consideration m this study 

The first cases of acute hemolytic anemia were reported by Widal, 
Abrami and Brul6 (361 et seq ) , Chauffard and Troisier (47), Chauf- 
fard and Vmcent (50), and Teeter (324) Except for Lederer’s 6 
cases, the largest senes of cases are reported by vanous Enghsh 
wnters Davidson (68), Joules and Masterman (174), O’Donaghue 
and Witts (253), and Parsons and Hawksley (262) These observers 
each report from 4 to 9 cases m their papers Careful analysis of 
their cases shows m most instances, however, that a munber of differ- 
ent entities are grouped together under the titles of acute hemolytic 
anemia or macroc)d;ic hemol 3 d:ic anemia, etc Thus of Davidson’s 
9 cases, three are Hodgkm’s disease m which hemolytic anemia was 
also present and one was a case of lead poisomng, Case 9 was a chrome 
case Four cases were fairly typical of the acute idiopathic type 
desenbed m this paper Of Parsons and Hawksley’s widely quoted 
senes of 9 cases reported in 1933 as “the hemolytic (erythrono clastic) 
anemias of later infancy and childhood” only one (Case 1) was typical, 
another one (Case 6) bemg a possible case Case 2 was apparently 
aplastic anemia. Case 3 “non-leukemic reticulo-endothehosis,” 
Cases 4 and 5 “nutntional anemia,” Case 7 one of acute leukemia, 
and Cases 8 and 9, which had nckets, showed pallor without icterus, 
bihrubmerma or urobilinuna The pubhshed cases which we beheve 
are acceptable for mclusion in our category of “acute hemol)dic 
anemia” are as follows Agmrre et al (2), Altmann (5), Anderson 
(6a), Antognetti (7), AntoneUi (8), Baxter and Everhart (14), Ben- 
hamou (17), BnU (30), Calvm (36), Campanacci (37), Castex et al 
(39), Chauffard and Troisier (47), Chauffard and Vincent (50), 
Chevallier et al (51), Chnstiansen (53), Colanzi (56), CoreUi (58), 
DaUa Volta (62), Dameshek and Schwartz (4 cases), Davidson 
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(Cases 6, 7, 8, 9) (68), Davidson and Fullerton (69), Decastello (71), 
Douglas (81), Dunlop and Saunders (87), Eimer (97), Eppuiger (102), 
Fiessinger el al (108), Giordano and Blum (2 cases) (121), Goudsmid 
(2 cases) (124), Greenwald (2 cases) (126), Greppi (127), Greppi and 
Semanra (2 cases) (128), Hampson and Warner (2 cases) (145), 
Heilbnm (153), Holst (163), Israels and Willunson (4 cases) (167), 
Joules and Mastennann (4 cases) (174), Kaiser and Bradford (175), 
KtiH (189), Landor (190), Lazarus (2 cases) (196), Lederer (6 cases) 
(197, 198), Lemaire and Portier (199), Livingston and Edwards 
(211), Lovibond (213), McGavack (216), Macintosh and Cleland 
(218), Manfredim (220), Manne and Kuskin (221), Mendels (3 cases) 
(226), Nixon and Vaughn (248), Nobfecourt and Li6ge (249), Nobel 
and Stemebach (250), O'Donoghue and Witts (2 cases) (253), Parsons 
and HawMey (Case 1) (262), Patterson (263), Payne (265), Pearce 
(266), Planteydt (273), Rastetter and Murphy (2 cases) (282), 
Rettanni (287), Reynold (288), Rosenthal and Corten (296), Roth 
(300), Schvfarz (309), Shackle (311), Stark (316), Steffens (317), 
Stupe (319), Tangredi (323), Teeter (324), Tuner (331), Troisier and 
Catton (334), TOrk (337), v Stejskal (343), Weber-Bode (351), 
Weil el al (352), Widal, Ahrami and Brulfe (364), Widal and Weissen- 
bach (369), WUhams (371) 

C Analysts of Cases 

Onset and course Smce this paper deals with "acute hemolj'tic 
icterus,” an acute onset is naturallv presupposed However, in 
reviewing the hterature, it is not easy to discrunmate between chrome 
cases which had probably been "smouldering” for months to years 
and acute cases m which the condition showed defimte and progressive 
development within a period of a month or less Even m our own 
cases, closely observed as they were, the sharp distinction between 
acute, subacute, and chrome was not always possible In Case 1 
of our senes, acute symptoms had been present for about a month, 
but the patient was a stolid individual and his wife stated that he had 
been "sallow” for about two years, and that four months previously 
on attack of "mtestinal gnppe" was present In Case 2, acute ^-mp- 
toms had also been present for about a month, but for about two 
months the paUent had felt rather tired, and for eighteen months a 
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slight “idiopathic” anemia had been present This patient, further- 
more, had had cholecystectomy performed about a year before onset 
of the present illness, and one wonders about the possible association 
of this condition with chromcity of the hemol 3 dic process Case 3 
was fuhmnatmg, the S5anptomatology bemg only of five days’ dura- 
tion, the patient havmg been entirely well prior to this illness In 
this case, however, the presence of spherocytic red cells and abnormal 
fragihty made several observers suspect the possibihty of previously 
unrecognized congenital hemolytic icterus The past history was, 
however, completely negative, and mvestigation of the family showed 
no evidence of the condition In Case 4, which was thought by several 
observers to be a typical example of acute non-congemtal hemolytic 
anemia, the demonstration of spherocytes and of lack of response to 
transfusions caused the same observers to change their diagnosis to 
that of chrome (unrecognized) congenital icterus 
In general, however, the present lUness was of acute onset begm- 
nmg usually less than a month before admission to the hospital for 
treatment In about 25% of the reported cases, the disease was sub- 
acute in type with symptoms havmg been present for at least a month 
prior to observation In several of the cases reported as “acute,” 
the symptoms had been present for three to six months 
The course m the cases which gave a history of at least a few weeks 
of filness was characterized by progressive mcrease m weakness and 
dyspnea with gradual mcrease m seventy of symptoms until finally 
the patient entered the hospital often m a semi-monbund state 
The veloaty of course was apparently far more rapid when the patient 
developed severe s)Tnptoms than durmg their gradual early develop- 
ment In some of the early cases, after a penod of progressive down- 
hill course, there was a more or less sudden turn-about and the patient 
showed progressive spontaneous improvement In some, however, 
death supervened In the more recently desenbed cases the downhill 
course was either mterrupted by transfusion, hver extract, or splenec- 
tomy In general, the types of course may be arbitrarily hsted as 
follows (1) acute fulminatmg — ^with a history of a week’s filness or 
less — ^hemoglobmuna often present — ^high fever as a rule, (2) acute, 
with a history of about a month’s filness with gradual development of 
symptoms, (3) subacute, with symptoms of a few months’ duration 
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The chrome, unsuspected case with an acute exacerbation frequently 
cannot be separated from these 13^)68 
Symptoms No specific symptomatology is present In general, 
the symptoms are (1) those of an acute febrile illness, (2) those relat- 
ing to the gastro-mtestinal tract, (3) and those of anemia In many 
cases, the passage of dark-colored unne has been noted In Case 1 
of our senes, subacute in type, the symptoms were pnnapally those 
of anemia progressive weakness, increasmg dyspnea, and edema of 
the ankles At times the vomitmg of ‘Tiilious” matenal had been 
noticed and highly colored unne had been passed for about a month 
In Case 2, also subacute m onset, the symptoms were those of anemia 
faUgue, dj'spnca, progressive pallor Later there was vomitmg with 
the development of malaise and fever In Case 3, acute m type, there 
was malaise, "dopiness," and fever pnor to the development of symp- 
toms of anemia and the passage of dark-colored unne. 

The symptoms suggestive of an acute febrile illness are well de- 
senbed m Lederer’s cases (197, 198) sudden weakness often beconung 
extreme, malaise, headache, restlessness and imtabihty (m mfants), 
pam in the back and extremities, "gnppe” with fever of 101-102°F 
for two weeks (Case 3), and anorexia The sjTnptoms relatmg to the 
gastro-mtestmal tract, besides that of anorexia, are nausea and vomit- 
ing, diarrhoea, pain in the region of the spleen (Brill (30)), sensation 
of weight in the epigastnum (Greppi (127), HeUbrun (153), McGav- 
ack (216)), and vague abdommal pam (Nob6court and Li6ge (249)) 
Diarrhoea seems to be more common m infancy The symptoms of 
anemia are as desenbed above weakness, fatigue, dyspnea, pal- 
pitation of the heart, and edema of the ankles A peculiar yellowish 
color, even definite jaundice was noted by some patients A further 
hint from the history of a hemolytic type of anemia was the statement 
made bj some patients that the stools were unusually dark m color 
(not black) Hemoglobmuria was noted m certain of the fulminating 
cases (Chauffard and Vincent (40), Lederer (197, 198), Colarua (56), 
Castex (39), Kaiser and Bradford (175), Nixon and Vaughn (248), 
and Landor (190)) and was particularly common m infancy 
Physical signs The patient’s appearance when first seen is that of 
severe illness vrith prominent pallor The temperature is almost 
alwn>'s elevated and vanes between a subfebnle tjqie (99-100°F) to 
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high fever (103-105°F ) The pulse rate vanes between 100-140 
per minute, the marked tachycardia being dependent upon the factors 
of anemia and fever The sclerae show defimte icterus, and a yellow- 
ish tmt of the skm is present Icterus is at times st rikin g, but is 
usually only shght Most authors state that the pallor is more 
stnkmg than the jaimdice (“The patient is more pale than jaim- 
diced”) The combmation of marked pallor and moderate icterus 
give the patient a ‘demon-yeUow” appearance, similar to that seen 
m pemiaous anemia Retmal hemorrhages may appear m the severe 
cases The tongue is entirely normal, possesses its normal coat, and 
shows no evidence of glossitis The lungs show no abnormahties 
The heart rate is rapid, and hemic murmurs, almost always systohc, 
are usually present, being located chiefly over the apical and lower 
precordial regions In Manne and Kuskm’s case (221) (a child), a 
diastohc murmur suggestive of aortic msuffiaency was present, this 
disappeared as the patient improved The hver is frequently en- 
larged, although m Case 1 of our senes it was felt to the level of the 
umbihcus The spleen, however, is almost constantly mcreased m 
size Of 40 representative cases, this organ was very readily palpable 
m 14, a firm edge bemg felt at least 2 finger-breadths below the left 
costal margm, and m occasional cases occupymg almost the entire 
left upper quadrant In 14 cases, the spleen was just palpable In 
12 cases, it could not be felt, although m 2 of these the organ was 
enlarged to percussion The spleen was readily felt m 3 of our cases, 
but could not be palpated m Case 3 The reason for this was obvious 
at operation which demonstrated that the organ, although twice 
normal m size, was adherent to the diaphragm At tunes, the spleen 
is defimtely tender The remamder of the exammation is usually 
negative, although shght edema of the ankles may be noted There 
is no lymphadenopathy The vibration sense is unimpaired and the 
knee jerks are normal 

Laboratory data The unite is usually descnbed by the patient as 
bemg dark m color Bfiinibm, despite the icterus, is absent (acholu- 
nc icterus), so that the dark color is probably due to an excess of other 
pigments Urobihnogen and urobilm are usually mcreased m amoimt, 
the former pigment ordmanly bemg present m a dilution of 1 80- 
1 160 (techmque of Wallace and Diamond (344)) Hemoglobmuna 
IS at times noted, especially when the process is very acute, this find- 
mg may occasionally overshadow the remamder of the condition and 
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thus lead to the diagnosis of acute paros\smal hcmoglobmuna In 
other cases, hemoglobinuria is not manifested as a gross disturbance 
but may be noted microscopicallv in the form of hcmoglobmous casts 
In still other cases, the symptom will onU be found followmg a trans 
fusion of blood, this may be due to sudden breakdown of donor’s 
red cells bj the patient’s serum or vice versa Dunng the acute phase 
of the picture, albuminuna and casts are quite common 

The slools arc highU colored Discharges of bile are sometimes 
noted in the fulminating cases, due apparcntl) to the combination of 
diarrhoea and excessive blood destruction Urobdm is greatl\ in 
creased in the feces, although but few quantitative determmations of 
this chemical constituent hate been made in these cases * 

The blood scrum is vellow in color and contains a greatlt increased 
quantitj of bilirubin The icterus index is usualK betueen 25 and 
35 units, but higher values ma> be present The bilirubin content 
of the blood serum is between 2 and 10 mgm per 100 cc The bilirubin 
is of the “indirect” type, which correlates tnth the absence of bili- 
rubin from the urine and the presence of increased urobilinogen 

The presence of hemolj sms in the scrum is the subject of comment 
belou Their discovert in Cases 2 and 3 of our senes and the fact 
that hemolysins were desenbed bt Chauflard and Troisier (47), 
Chauffard and Vincent (50), Tixicr (331), Roth (300), and others 
makes us suspect their presence in other sirmlar cases Demonstra 
tion of their presence is relalitclj simple and mat be diagnostic in 
a given case 

The blood cells The blood picture is annl> Ucallt desenbed bclott 
in the discussion of the blood picture Giordano and Blum (121) 
discuss the highest and lowest red cell counts in the literature, the 
highest and lowest leukocj te counts, etc , and it is therefore unncces 
sarj to repeat them here Case 2 of hlcndcls (226) recent report 
desert es mention, howetcr m tnew of the erj throct tc count of 90,000 
(!) which the author feels might hate been due to autohemoUsis occur 
nng within the pipette In our own cases, the first two showed a 
“pscudomacrocy tic” type of anemia i c (high color index, high mean 
corpuscular tolumc, but normal atenge red cell diameter) with 

In tiro rtcrnl cajo. the dull) fral urolnllnta^ output km nil and 611 mjts 
rMprctnel> rqiremitinf; appmiimatclj ISand 12 tlmn tin- normal output (for the total 
nWN of hrmoglnltin pir^nl) 
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erythrocyte counts in the neighborhood of 1 0 million (Figures 1, 11, 
12) This type of blood picture which is said to resemble closely that 
of pernicious anemia has been reported by manj'^ investigators from the 
time of Widal (361 et seq ) In our third and fourth cases (Figs 7, 34, 
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Fig 1 C/\SE 1 Photomicrograph op Blood Smear (XSOO) on Admission May 20, 1937 
Note the marked \anation in size and shape of the red blood cells, the man\ small, 
dark-staming cells, i e , spherocj tes (5), and the frequent large cells, i e , macroc>’tes 
(3/) The finding of these large cells led at first to the erroneous diagnosis of pernicious 
anemia 


Fig 2 Case 1 Photomicrograph (XIOOO) of Giemsa Stained Smear of Sternal 

Marrow Biopsy of Case 1 

There w as marked erj throblastic hY-perplasia A characteristic group of ery throblasUc 
cells is seen Note the enthrogonc (pnmitiYe red cell — E) and the successive stages in 
maturation (normoblasts “A ” and “B”) to the mature normoblast “C” wnth pyluiotic 
nucleus The histologic picture of the red cells is normoblastic, diflenng from the 
megaloblastic hj'pierplasia of pernicious anemia 

Fig 3 Case 1 Photoihcrograph of Section of Spleen (X360) 

Multiple small areas of thromboses and infarction are present Note the fibrotic char- 
acter of the splenic tissue contiguous to a follicle (T) w ith distortion of the splenic architec- 
ture 
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22, 33, 13, 35, 23), the anemia was of the microcytic vnnet> , although 
the mean corpuscular volume was normal (i e the thickness was 
greatly increased) In all four cases the reticulocytes were greatlj 
elevated 
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Fir 4 Cvsr 2 PiioTouiCRocRArir or SrcTiov or Srura (XIW) 

The follicles arc relatlc'cl) small and Ihc remainder of the spleen Is icr^ cellular 
Fic 5 Casi 2 PiioTOjiiCROORAPu or Section or Spu es (X800) 

The lame pale stafnins cells are Idenllficd ns reUculo-endothelial cells. Occasional 
pant cells are presenl and crjthrophafocjtosislsoccasionnlh demonstrated 

Fio 6 Casf 2 PiiOTOUicRoaRAPii or Dlooo Suear (X500) 6 Months ArrrR 
SpLi Nrcious (Februarv 19JS) 

normal'' “"'*«}■'<»'% dte blood picture Is essential]) 

The Icukocv tc count was elevated in Cases 1 3, and 4, and low in 
Case 2 Marked Icukocv tosis is chartctcnstic of the ven acute cases, 
the subacute cases, w hich hnv t persisted for a month or longer, usuallj 
tend to develop increasinglj low leukoev tc counts, this was apparentlv 
the case in Case 2 The leukocytosis, which is polv morphonucicar 
in vanctv is, together wnth the rcticulocv tosis, a svmptom of incrca.scd 
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bone-marrow regenerative activity Counts of approximately 50,000 
are not unusual, particularly m children, and counts of 80,000 and 


Fig 7 
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Fig 10 


Fig 7 Case 3 PHOTomcROGRAPn of Blood SitEAR (X1350) on Admission August 

27, 1937 

The contrast bet'oeen the small, dense-appeanng, dark-staining spherocvtes (5) and 
the relatively huge reticulocytes (R) is readily seen 

Fig 8 Case 3 Photomicrograph of Blood Smear (XSOO) September 9, 1937, 11 

Dais after Splenectomy 

After an iniUnl rapid increase in en’throcj'tes, the eo'throci te production appeared to 
lag At this time, large numbers of nucleated red cells were present (maturation arrest?) 
Note the large numbers of platelets 

Fig 9 Case 3 PnoTOMicROGR,\pH of Blood Smear (X500) about a Year after 
Splenectomy (October, 19, 19381 

Except for minor vanation in size, the blood picture is essentiallj^ normal 
Pig 10 Case 3 Photomicrograph of Section of Spleen (X140) 

There is an increase m the trabeculations and the sinusoids are iMdel> distended 
Marked congestion of manj areas inth large numbers of erj throc} tes ins present 


over have been reported by Lederer (197, 198), Lazarus (196) and 
Teeter (324) Immature neutrophilic cells are almost constantly 
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present, and m>clocytes are common, particularly in children With 
mjelocytes present, leukemia mat be simulated (Cf Nobel and 
Steinebach (250) ) hlarked leukopenia is occasional!} present 
Manfredmi (220), Goudsnudt (124), Plantevdt (273), Fiessinger (108) 
et al , and Chauffard and Vincent (40) 

The platelet count has only rarel} been reported, probabb because 
this hematological procedure is not usually performed Heilbrun 



tio 11 CASt 1 Pricj: Jokes CuExxs or Rrjj liuwD CrLL DiAUFTTRi (DOTH Rmcn 
LOCYn.5 AVD Non reticulootts) 

Note the marked >iiriatKm in slic and the larpe number of microQlea prc*cnl on 
5/28/37 before snlenectom) The ccU» of 9-12 micra In diameter (macToc>tc«) were all 
rclicuIoc>'lcs ana the blood pkturr utis pKudo-macrocMic After jplenectomj the 
red cell population reverted to normal slic 

found the platelets “reduced Weil, Schreibcr, and Cam (352) found 
them “numerous”, \ltmann (5) found 53,000 percu mm , Chnstian 
sen (53) 352,000, CokIIi (58) 600,000, and Colanzi (56) found a “dis 
Crete number ” In our own cases, the platelets ncrc cither normal or 
shghtit diminished m number 

Patholngv The spleen The condition ol the spleen is described in 
29 cases The most dclailcil dcscnptions arc given b} Eppingir 
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bone-marrow regenerative a< 
are not unusual, particularly 
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Fig 7 Case 3 Photoiucrograph of Bec 

27, 1 

The contrast between the small, dense-ap- 
the relatiN el> huge Teticulocjytes {R) is readih 

Fig 8 C \se 3 Photomicrograph of Bloi 

Days after Si 
After an initial rapid increase in erjdhrocjt* 
lag At this time, large numbers of nucleated i 
Note the large numbers of platelets 

Pig 9 Case 3 Photomicrograph of Bloo 
Splenectomy (Octo 
Except for nunor \ anation m size, the L 
Fig 10 Case 3 Photomicrograph > 
There is an increase m the trabeculations i 
Marked congestion of man\ areas wath large nui 


over have been reported by Lederer > 
Teeter (324) Immature neutrophibi 
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present, and myelocytes are common, particular!} m children With 
m}elocytes present, leukemia ma} be simulated (Cf Nobel and 
Steinebach (250) ) Marked leukopenia is occasional!} present 
Manfredmi (220), Goudsmidt (124), Planteidt (273), Fiessinger (108) 
et al , and Chauflard and Vincent (40) 

The platelet count has onl} rare!} been reported, probably because 
this hematological procedure is not usually performed Heilbrun 



Fio 1 1 Casi 1 I'RicE Jones Ccr\-es or Rrj> Blood Crjj, Diaucters (both Reocu 

EOCliTES AND NON RCOCDLOCLTEs) 

i? and the large number of nucroo-tci nresent on 
5/28/3< before iploieotmns The cclU of 9-12 mfera in diameter (mamxn l«Wte oH 
rctJciilr>c)ics ancf the blood picture was P^eodo-macrocs'tJc * Aftrr iu 

red ccU population rc%ertcd ti normal size After FpIei,cctom> the 


found the platelets “reduced”, Well, Schrcibcr, and Cam (352) found 
them “numerous ’, Altmann (5) found 53,000 pcrcu mm Chnstinn- 
sen (53) 352,000, Corelli (58) 600,000 and Colana (56) found a “dis 
Crete number ” In our own cases, the platelets were either normal or 
sIightK diminished m number 

Pnll,nloi;% Thr spleen The condition ol the spleen is deRcmh i 
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(102) in his book on liver-spleen syndromes The organ was usuall)’- 
enlarged from to 5 times its normal size In our own 4 cases, the 
splenic weights were respectively 550 gm , 500 gm , 360 gm , and 200 
gm (the latter in a child aged 2 years) Histologically, they showed 
one of three separate types of abnormahty similar to the cases reported 



Fig 12 Case 2 Dieferential Price-Jones Corves of Reticxtlocytes and Non- 

RETICUEOCYTES 

The reticuloc\ tes are subdivided into 3 U-pes # 1— the most mature with onlj a feu 
strands of reticulum, Iff 3 — the most immature \nth a fulh complete network of reticulum 
in the middle of the cell, and #2, intermediate between the other U'pes Note that the 
non-reticulated red cells tend towards microcj tosis, and that the more immature the 
reticuloc\’tes, the larger are the cells Smce the most mature red cells tend to be much 
smaller than the cells closest to the marrow (immature reticulocjdes), it is probable that 
specific smallness of cells (spherocs tosis) develops outside the marrow 

m the literature Thus Case 1 (Fig 3) was distmguished by numer- 
ous thromboses of veins and capillaries and vnth multiple venous in- 
farctions of the pulp. Case 2 (Figs 4 and 5) by marked reticulum 
cell hyperplasia with giant cell formation and erythrophagocjdosis, 
there was also an associated ectopic myeloid metaplasia Cases 3 
(Fig 10) and 4 (Figs 16, 17) were characterized by extreme congestion 
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of the pulp sunilar to that seen m congenital hemolytic icterus Fibro- 
sis and occasional fibrotic nodules were also a feature m Case 4 (Fig 
17) In the cases in the hterature, numerous infarctions of the spleen 
are reported by Lovibond (213), O’Donaghue and Witts (253) (2 
cases), Shackle (311), and McGavack (216) 

Histiocytic prohferation, at times with giant cell formation, and 
almost alwa}'^s associated with ectopic myeloid metaplasia was the 
outstandmg feature m the cases of AntoneUi (8), Anderson (6a), 
Davidson (68) (Case 6), Livmgston and Edwards (211), Roth (300), 
Troisier and Catton (334), Rastetter and Murphy (282) (Case 1), 
and m the 4 cases of Israels and Wilkinson (167) Marked congestion 
of the sinusoids as the outstandmg feature was present m the cases of 
Davidson (68) (7 and 9), Davidson and FuUerton (69) (Case 8), 
Goudsmid (124), Hedbrun (141), Payne (265), Rastetter and Murphy 
(282) (Case 2), and Rosenthal and Corten (296) Thus of 29 cases 
(including our 4) in which the splenic histology is described, histio- 
cytic prohferation with giant cell formation and ectopic bone-marrow 
activity was promment in 12, multiple infarcts m 6, and extreme con- 
gestion of the pulp mil 

The bone-marrow The marrow has been descnbed m 16 cases, at 
post-mortem m 9 and at biopsy in 7 The post-mortem observations 
are scanty and practical!}'- entirely limited to a gross descnption 
Thus, a “currant-jelly” marrow was described by Shackle (311) and 
by O’Donaghue and Witts (253), “red” marrow by Goudsmid (124), 
a “maroon” marrow by O’Donaghue and Witts (253), (Case 2), a 
“grayish” marrow by Macintosh and Cleland (218), and a “-violace- 
ous red marrow” by Widal and Weissenbach (369) Payne (265) 
descnbes a ver}'^ hyperplastic marrow, Da-vidson (68) notes marked 
eri’^throblastic prohferation, and Wddal and Weissenbach (369) de- 
scnbe a megaloblastic marrow -mth many myelocytes Seven biop- 
sies were performed by CoreUi (58) (tibia) — few marrow cells were 
seen, by Rettani (287) (sternal puncture) — a normal picture with 
predominance of ei^-^throblastic cells, by McGavack (216) (sternal 
puncture) — normal picture, by Tangredi (323) — ^hyperplasia, by 
Anderson (6a) — a “fuU” marrow, by Israels and Wdkmson (167) 
(Case 4) — marked h}"perplasia, and by Hedbrun (141) (sternal tre- 
phine biops}") In the latter case, the marrow was found to be ver}' 
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cellular, with predominance of feiythroblastic cells Through the 
kindness of Dr HeUbnin, we were able to study his preparations, 
which showed normoblastic hyperplasia with many primitive nu- 
cleated red cells (erythrogones) In our own cases bone marrow 
biopsies by the trephme method were performed m the first three 
These showed in each instance a very hyperplastic marrow with 
marked predoimnance of erythroblastic cells (Fig 2) Many of the 
early nucleated red cells (Types "A" and "B") resembled megaloblasts, 
but careful examination demonstrated that the resemblance was only 
superficial In any event, the most mature nucleated red cells (Tj-pe 
“C”) were defimtely normoblastic and showed none of the megaloblas- 
tic entena The marrow was thus “normoblastic” and could readily 
be differentiated from the typically megaloblastic marrow of the liver- 
extract defiaency state (permaous ane m ia) (64) In Case 1 (H L ), 
Pnee- Jones curves of the nucleated red cells of the marrow were made 
from stamed smears These showed the following average diameters 
for the vanous types of erythroblastic cells 



TOTAL fiuicnxk 

VOCIZAI DLUenZS 

EjythrogoDcs 

16 41 

12 83 

Normoblast A 

13 58 (12 29) 

10 26 (9 26) 

Normoblast B 

12 27 (11 09) 

8 51 (7 08) 

Normoblast C 

10 64 (9 47) 

5 88 (5 55) 

Mature erythrocytes i 

7 SO (7 50) 



The figures m parentheses represent normal values and demon- 
strate that the normoblasts of this case were shghtly larger than 
normal, although many of the mature red cells of the penpheral blood 
were sphcrocytcs 

The leukocytes of the marrow showed no abnormalities, and mis 
shapen metamyelocytes charactenstic of the marrow of permaous 
anemia were not seen 

Other organs Of 10 post mortem cxammations, enlargement of 
the hver with hemosiderosis was noted m almost every instance ex- 
cept that “acute yellow atrophj ” was discovered m the ras^ of Lovi- 
bond (213) A fatty heart was discovered in the cases of Shackle 
(311) and Ernier (97) Hemoglobinous infarcts were found m the 
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case of Payne (265) (lethal transfusion reaction) The remaining 
organs showed httle change from the normal 

Diagnosis and difereniial diagnosis The diagnosis of acute, idio- 
pathic, non-congemtal, hemolytic anemia can either be simple or 
extraordmarily difficult The more or less sudden development of 
moderate to severe anerma, m assoaation with shght icterus and 
moderate splenomegaly, should make one suspect the diagnosis Par- 
ticularly is this true if there is no evidence of glossitis, combined sys- 
tem disease, an acute mfection, hepatic disease, generalized lym- 
phadenopath}'^, or recent exposure to chemicals or drugs Further 
evidence must be obtained from laboratory tests, particularly those 
of the blood and those mdicatmg the presence of mcreased blood 
destruction The blood picture, as already outhned, usually shows the 
evidences of mcreased red blood ceU destruction (anemia of the nor- 
mochromic type, spherocytosis, mcreased fragihty, abnormal rouleaux 
formation) together with the evidences of increased formation 
polychromatophiha, reticulocytosis, nucleated red blood cells, nuclear 
fragments, leukocytosis, polynucleosis, and thrombocytosis Careful 
supravital examination of the blood frequently shows the presence of 
small, thick, cup-shaped red cells, and of abnormal bizarre-shaped 
rouleaux (67a) Analysis of Pnce-Jones curves wiU show the presence 
of many microcytes as well as of macrocytes Differential reticulo- 
cyte-non-reticulocyte Pnce-Jones curves m our cases have shown that 
the microcytes are all mature, but that the macrocytes are for the 
most part reticulated The mean corpuscular volume is usually 
mcreased over normal, although in a fuhmnating case it may be 
dimmished The mean corpuscular diameter is usually normal, 
although the appearance of macrocytosis may be given by the large 
number of polychromatophihc red cells True orthochromatic eryth- 
rocytes have only rarely been seen m our cases The mean corpuscu- 
lar thickness is usually increased, sometimes greatly so 

The blood serum is definitely more yellow than normal, (the bfii- 
rubm content bemg 4-6 times its normal value) and the urobUmogen 
content of the urme is greatly increased The bone-marrow at biopsy 
shows marked erythroblastic h)q3erplasia, the type of formation being 
definitely normoblastic 

In the differential diagnosis, numerous conditions must be con- 
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sidercd and ruled out by appropriate clinical or laboratoiy means 
Pemtcunis anemta is usually first considered In this disease, the 
tongue usually shows evidence of “inflainmation,” there is almost 
always defimtely dtmmished vibration sense if not outspoken com- 
bmed system disease, and the spleen is not usually palpable In 
acute hemoljdic anemia, the spleen is readily felt and there is no 
evidence either of glossitis or of neurological disease. Gastric analysis 
shows achlorhydna m permaous anemia, and a normal or somewhat 
diminished hydrochlonc aad content in acute hemolytic anemia. 
Although the blood picture has been stated by many authors to be 
identical m the two conditions, numerous differences arc present 
These are discussed under “The Blood Picture” below and arc noted 
m Table 1 The sternal bone-marrow biopsy m jicrmcious anemia is 
characteristic and pathognomonic of that condition and related states 
(64) It IS characterized by the presence of a peculiar megaloblastic 
type of red cell growth resultmg in the formation of abnormally large 
mature erythrocytes There is furthermore a very abnormal type of 
white cell growth with the presence of huge misshapen metamyelocj tes 
In acute hemolytic anemia, although primitive red cells arc quite com- 
mon, the final mature nucleated red cell is a typical normoblast with 
thick pyknotic masses of nuclear chromaUn , abnormal metamyelocytes 
are not seen A final differential point is of course the therapeutic test 
of hver extract which, although so remarkably effective in pernicious 
anemia, is without effect m hemolytic icterus The therapeutic test, 
it should be stated, has usually been tried before the patient is seen 
m consultation 

Acute leukemm is often considered because of the rapid development 
of anemia, splenomegaly, and leukocytosis, often with the presence 
of many mjelocytes One of the chief features of acute leukemia is 
the presence of a hemorrhagic tendency which Is due to gross reduction 
in platelets These elements arc either normal, increased, or slightly 
dinumshcd m acute hcmol^dJc anemia Although mjelocytes arc 
common, most of the white cells arc mctamyelocj'tcs and mature poly- 
motphonuclears This is qmte m contrast with the “monotonous” 
tj-pe of blood picture seen m acute leukemm, m which practlcallv all 
of the cells arc primitive ‘blasts with only an occasional mj elocj to 
present. 



TABLE 1 


Dtfferenital Dtagnons of AciUe Eemolyttc Anemta and Pemtctous Anemia 



ACUTE HEUOLVnC AKEUIA 

PZENiaOUS ANEUU 

History 



Onset 

Subacute or acute 

Insidious 

Outstanding symptoms 

Weakness, dyspnea, nausea 

Weakness, disturbances of the 


and vomitmg 

tongue, paresthesias, occa- 
sionally diarrhea 

Physical exammation 



Pallor 

Marked, lemon-yeUow 

Marked, lemon-yellow 

Icterus 

Shght to moderate 

Shght to moderate 

Fever 

May be high 

Rarely high 

Tongue 

Normal 

“Glossitis” almost always 
present 

Laver 

Enlarged m 25% 

Rarely enlarged 

Spleen 

Usually readily palpable 3-4 
fingers breadth below costal 
margm 

Rarely felt 

Neurological 

Negative 

Positive findmgs almost al- 
ways present (at least dis- 
turbed vibration sensahon) 

Blood 



Fresh specimen 

Abnormal “bizarre” rou- 
leaus with all types of 
tbirk cells 

Normal rouleaux 

Anemia 

Normochromic or microcytic 

Macrocytic 

Pnce-Jones curves 

Marked vanabihty with 

Marked vanabihty 


rmcrocytes, the macro- 

True orthochromatic macro- 


cytes are almost all poly- 
chromatophiUc reticulo- 
cytes 

cytes 

Thickness studies 

Spheroc 3 ^osis, mcreased 

No spherocytes No mcrease 


thickness usually present 

m thickness 

Fragihty test 

Shght to marked mcrease in 
hypotonic sodium chloride 
fragihty 

Normal fragihty 

Nucleated red cells 

Common, normoblasts 

Rare, megaloblasts 

^Vhlte blood cells 

Usually increased with many 

Usually dimmished, with mul- 


immature forms 

tmucleated (ovempe?) ‘T 
A ” neutrophiles 

Platelets 

Normal or mcreased 

Moderate to marked dimmu- 
tion 


Marked red cell preponder- 

Red cells and white cells m- 

Bone-marrow 

ance 

creased 

Maturation to normoblasts 

Megaloblastic reaction 


Normal metamyelocytes 

Bizarre metamyelocytes 

Gastnc analysis 

Free HCl present 

Free HCl absent 

Therapy 

No response to hver extract 

Response to hver extract 
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Lymphosarcoma, Hodgkin's disease, and even metaslatic carcinoma 
may occasionally result m a hemolytic state mdistmguishable from 
that of acute hemolytic anemia Usually, the lymphoid masses of 
lymphosarcoma or of Hodgkm’s disease are readily made out, but 
occasionally the disorder may be more central and limited chiefly to 
the spleen, bone-marrow, or mediastmum The blood picture may be 
mdistmguishable from that of the idiopathic typie of acute hemolytic 
anemia Such laboratory procedures as X-ray of the chest for 
mediastmal masses and X-rays of the bones for metastatic lesions 
might well be earned out while emergency treatment with transfusions 
IS being given If, because of the patient’s lack of response to trans- 
fusion, splenectomy is considered, this is probably best postponed 
untd a sternal bone-marrow biopsy has defimtely demonstrated that 
the marrow is free of mahgnant cells 
The hemolytic crisis of congenital hemolytic icterus may be mdistin- 
guishable from acute hemolytic icterus The family history is, how- 
ever, usually well-known and the patient has usually known of the 
presence of the disease for some tune Microspherocytosis and greatly 
inaeased fragihty are by no means pathognomomc of the congenital 
type, smee they may occur (cf our Cases 3 and 4) to as great an extent 
m the acute, non congenital disease However, m the absence of 
a marked disturbance m fragihty of the red cells one may exclude 
the hemolytic crisis of the congenital disease \Vc have thus far 
found free hemolysins in the scrum only m acute hemolytic anemia 
and not in the cases of crisis of the congenital type The absence of 
hemolysins does not, however, rule out acute hemolytic anemia of the 
acquired type Hemolytic ensis may occasionally occur in Cooley’s 
erythroblastic aneima and in sickle-cell anemia, the latter is readily 
disbngmshable by the crescentic character of many of the cells, es- 
peaally in fresh preparations Cooley’s anemia has usually been in 
evidence in a particular piatient for some time, although its appearance 
in crisis IS theoretically possible If the diagnosis continues m doubt, 
X rays of the bones may show the pecuhar osteoporotic appearance 
characteristic of the condition Aaile hemoglobinuria may occasion 
ally be assoaated with acute hemolytic anemia, paroxysmal (cold) 
hcmoglobinuna is distinguished bj' the presence of a positixe Donath 
Landsteincr phenomenon and usually by a positive Wnssermann 
reaction , 
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Sepsts, particularly of the streptococcic type, may result m fever, 
anemia, leukocytosis, splenomegaly, and the presence of icterus The 
latter is usually of the “mixed” type mdicatmg hver damage, the 
anemia is usually hypochromic, reticuloc)rtosis is usually very shght, 
the polymorphonuclears show marked “toxic” changes, and there is 
neither spherocytosis nor mcreased fragility of the red cells The 
blood culture is furthermore never positive m acute hemolytic anenua ® 
The bone-marrow of sepsis is characterized by extreme white cell 
hyperplasia, most of the leukocytes bemg “toxic” m type In con- 
trast with the marrow of acute hemolytic anemia, the nucleated red 
cells are much reduced and primitive red cells (erythrogones) are few 
(hypoplasia) 

Treatment In the days (1907-1915) before transfusion and hver 
had been mtroduced as therapeutic procedures for the treatment of 
anerma, the treatment of these cases was usually unsatisfactory, 
although spontaneous cure at times resulted (Chauffard and Troisier 
(47), Chauffard and Vmcent (50), Teeter (324), Widal, Abrarm and 
Brul6 (364)) In other cases (Eimer (97), Macintosh and Cleland 
(218), Tmer (331), Tiirk (337), Roth (300)) death ensued, although 
such remedies as Fowler’s solution and iron were prescribed Due 
chiefly to the dramatic effect of splenectomy, as noted by Micheh in 
“acquired hemolytic icterus” and by Banti (10) m “hemolytic sple- 
nomegaly,” Antonelh (8), m 1913, recommended splenectomy m a 
case of subacute hemolytic icterus, this too resulted successfully 
Nobel and Stemebach (250) reported the successful result of splenec- 
tomy m an acute case m 1914, and Eppmger (102) and Ranzi reported 
dramatic results m several cases More recently, this procedure was 
apparently not attempted until 1931, when Lovibond (213), David- 
son (68), and Troisier and Catton (334) reported cases Transfusion 
of blood as a therapeutic measure for anerma, particularly of the 
“pemiaous” vanety, was utilized by many mvestigators begmnmg 
about 1915 The first to utilize it m acute hemolytic anerma were 
Widal and Weissenbach (369) who, apparently without the benefit of 
typmg, gave their patient a direct transfusion from the artery of a 

’ We have included m our senes Case 8 of Davidson and Fullerton’s recent study In 
this case a Salmonella was recovered from the blood stream. Its relationship to the 
condition is questionable 
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sister, death occurred The use of transfusion m acute hemolytic 
anemia was first popularized by Lcderer (197, 198) m 1925 Striking 
therapeutic results followed this procedure m three successive cases, 
this findmg was confirmed m Ledcrer’s second report also of 3 cases 
Following Lederer’s reports, most cases have been given transfusions, 
usually with excellent results With the mtroduction of hver prepara 
tions m the treatment of pemiaous anemia, these have been utilized 
m many of the cases, usually together with transfusions, sometimes 
alone. 

Tran^ustoiis Transfusions of blood were given in 66 cases of those 
analyzed The impression has gamed ground that acute hemolytic 
anemia is a relatively benign affection which is dramatically cured 
by a smglc transfusion of blood That this is often the case is un- 
doubted, but multiple transfusions are frequently necessary m the 
severe or refractory case. In Brill’s (30) case, 10 transfusions were 
necessary for recovery , m Ledercr’s (197, 198) 4th case, several trans- 
fusions were required before the patient made a very slow recovery, 
m Greppi and Semanza’s (128) second case 5 transfusions were neces- 
sary, and m many mstances 2 to 3 transfusions were required A 
single transfusion of blood will often dimmish the velocity of the 
patient’s downhill course, but other transfusions will then be necessary 
to bring about conUnued unprovement Many authors have com- 
mented upon the strikmg success which often follows the mfusion of 
even a small quantity of blood, thus m Altmann’s (5) case (a child), 
30 to 35 cc mtramuscularlj were followed bj a dramatic change in the 
patient’s condition, which was further ameliorated bj repeated in- 
jections of this quimtit> of blood intramuscularly 

In some cases, transfusions have been valueless or of only temporary 
effect This was the situation in our 4 cases, and has been noted by 
many others In Pajme’s (265) case the patient died following 
transfusion, and m Parsons and Hawkslcy’s (262) cases, hemoglobinu 
na and icterus became more pronounced after the first 2 transfusions 
This also happened in case 3 of our senes Thus, although trans- 
fusions were followed by recovery in 44 of 66 cases, thc> were not 
curatise m the remainder Of these 22 cases, 4 died without further 
therapj , and m tlic remainder, splenectom> was done 

Splenectomy Splcncctomj was first performed in a case of ac 
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quired hemolytic icterus by Micheh (231) m 1911 Banti reported 
successful therapeutic results with splenectomy m 2 cases of “hemoly- 
tic splenomegaly ” AntoneUi (8) m 1913 performed splenectomy m a 
subacute case of hemolytic icterus (anerma) with an excellent thera- 
peutic result Nobel and Stemebach (250) reported the dramatic 
effect of splenectomy m 2 cases of “acqmred hemolytic icterus” m 
1914, one was acute In 1923, one of us (W D ) observed the remark- 
able results of splenectomy m a case of acute hemolytic einemia 
following childbirth This patient had previously been given 7 
transfusions of blood without effect, splenectomy was finally deaded 



Fig 18 Case 1 Chart of Hematological Findings and Course 
Note the lack of erythrocyte response to hver extract and transfusions and the marked 
respionse foUowmg splenectomy There was a temporary flattenmg out of rapid rise 
approximately 1 week after operation Approximately 4 weeks after splenectomy, 
(June 25-29) there was a secondary rise m reticulocytes 

upon as a measure of last resort and was followed by an exceedmgly 
dramatic recovery When the first case of our present senes was seen 
and the lack of response to transfusions and hver extract noted, 
splenectomy was proposed even though the patient was almost mon- 
bund Operation was followed by a rapid therapeutic response (Fig 
18) Similar results took place m the three succeedmg cases (Figs 
19, 20, 21) and have also been descnbed by Anderson (6 a), Antonefii 
(8), DecasteUo (71), Hedbrun (147), Israels and Wdkmson (167), 
McGavack (216), Livmgston and Edwards (211), Rastetter and 
Murphy, Rejmolds (288), Schwarz (309), Troisier and Catton (334), 
Davidson (68) (Case 7), and Davidson and Fullerton (69) (Case 8) 
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Lovibond’s (213) case showed immediate improvement after splen- 
ectomy but unfortunately sepsis intervened and the patient died 
This was also the situation m Cases S and 6 m Davidson^s (68) senes 
Including our four cases, splenectomy has been performed m 23 



Fio 19 Case 2 CnAJcr or Hematolocical Fikdincs and Coume 
Splenectomy was done when the ineffacac> of repeated tiansluslonf had been demon 
strated There was on immediate impro\cmcnt clinically and bemstolo^cally Further 
transfusions were given when reductions in red ceD count appeared Note the secondary 
retlcuiocytosis occurring approximately a month after splenectomy Liver extract and 
iron were given because of tic possibuj^ that hcmopoletk factors might be depleted 
There was complete recovery 



Fio 20 Case 3 Chabt or Hematological FindHiOs and Cumcal Couise 


This was a fulminating case and splenectomy was done as an erorigency procedure 
after se\eral transfusions The Immediate dlni^ and hematological improvement u-as 
not sustained so that further tramfuilons and the adminlstrollon of hematopoietic tub- f. 
suncea seemed necessary Note the secondary slight though definite increase in reUen ^ 
loc>ies about 5 weeks after operation There was complete recovery ^ 
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acute cases with recovery m 20 Death occurred from sepsis 
m 3 

Lvoer extract Liver or hver extract has been given m most cases 
described smce 1927 It has usually been admmistered together with 
blood transfusions so that its effect as a therapeutic procedure is 
difficult to evaluate In Case 1 of our series extremely large dosage 
of parenteral extract faded to cause any therapeutic response what- 
ever, m Case 2, fairly adequate admmistrabon of hver extract caused 
no effect In Case 8 of Davidson’s (68) senes, the admmistration of 
hver extract and ventncuhn seemed to cause slow improvement, 
which was then followed by an apparently spontaneous remission 



Fig 21 Case 4 Chart of Heuatologicai. Findings and Course 
Numerous transfusions resulted only in temporary improvement After a final senes 
of 4 daily transfusions, there was an extreme drop m reUculocytes Qune 11-20) and only 
the hemolytic effect was visible (drop in erythrocyte count, increase m spherocytes, m- 
creasing r^ cell fragihty, etc ) Splenectomy resulted m qmck clmical and hematological 
response with complete recovery 

In Benhamou’s (17) case the patient was given 200 gm of calf hver 
for 40 days with recovery Chnstiansen (53), who gave his patient 
300 gm of hver dady, stated that he considered the recovery to be 
spontaneous m ongm and not related to the administration of hver 
Hedbrun (141) gave parenteral hver extract m his case but it is diffi- 
cult to evaluate the response because a transfusion had previously 
been given Fiessmger (108) et al admmistered hver m their case 
for a penod of almost a year, very slow improvement occurred In 
Lovibond’s (213) case, reticulocytosis was present after the hver 
extract was given, the initial reticulocyte coimt, was, however, not 
known In Patterson’s (263) case, that of a chdd, the admmistration 
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of Lver extract was followed by a fairly prompt response No re- 
sponse to liver extract, however, took place m the case of Troisier et al 
(334) Williams (371) gave his patient iron, copper, and liver extract, 
and recovery ensued In s umm ary, the results with Lver therapy, as 
noted from the hterature, are conflictmg The complete lack of 
response m several cases, the lack of clear-cut therapeutic response in 
any smgle case, and the probably coinadental or spontaneous rise m 
erythrocyte counts m several instances — all lead to the conclusion that 
liver preparations are of no value m the treatment of acute hemolytic 
anemia Recapitulation of results obtamed with the various methods 
of treatment is made below* 




UCOVOES 

DIED 

Total nomber of comi 

106 

88 

18 

No or etscntmlly no treatment (Including liver ex 
tract) 

24 

13 

11 

Trtnsftudoiu 

66 

44 

4 

Splenectomy* 

2J 

20 

3 


* Most of these hsd been tnnifused nfthont pemument effect. 


m DISCUSSION 

A Physiological pathology of Ihe hemolytic syndromes 

1 Normal physiology The cycle of the conversion of the iron- 
contammg hemoglobm pigment into the iron-free pigment bilirubin 
has been abundantly studied by numerous mvestigators (13, 23, 102, 
200, 289, 292, 301, 356) In bnef, the effete red blood cells, after 
mrmy thousand chermcal exchtmges during a penod of about thirty 
days, become broken down and are then apparently phagocytosed by 
the cells of the reticuloendothelial s>’Stcm Because the spleen con- 
tains the largest single compact collection of these cells, it is generallj 
assumed that much of the red cell destruction takes place there, al- 
though the bone marrow, liver, lymph nodes, and other organs un- 
doubtcdlj arc verj important in this regard Hemosiderin is at first 
produced, and from it, by a senes of steps ns jet unknown, iron is 

• At the time of the final correction of proofs (Maj I WO) II caaca of acute bemo 
lytic anemia had been observed One case responded to transfusions. In 10 splen 
eotomy was necessary There was complete reemery In 4 cases operative death in 4 
“«s (ages 50-64), and relapse In 2 cases One of the relapsed cases died, the other 
made complete recoveo after removal of a large dermoid cyst of the ovary , ^ 
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liberated and the compound bihrubm formed Accordmg to Barron 
and others, bihrubm m the blood stream, when first produced, is 
present in an adsorbed state, bemg boimd to serum protem This 
protem linkage is responsible for the “mdirect” or "delayed” reaction 
with the Van den Bergh test, alcohol bemg necessary to "unlink” the 
bihrubm from its protem combmation The circulatmg adsorbed 
bihrubm is then taken up by the hepatic cells which concentrate the 
matenal for eventual passage into the bile canahcuh and then mto 
the cystic and common ducts and gall bladder Some change ap- 
parently takes place m the bihrubm as it passes through the liver cells 
— presumably by means of the bde acids — since m the bile the bili- 
rubm IS present m a "free” state and gives an "immediate” or "direct” 
reaction with the Van den Bergh test (13) Bihrubm is then ex- 
creted mto the mtestmes where it becomes converted mto urobihnogen 
and this m turn mto stercobilm (urobihn) Some of this matenal is 
absorbed by the mtestmal mucosa, appearmg thence m the blood 
stream and bemg excreted by the kidneys mto the urme Bfiirubm 
itself, although constantly present m the blood stream m appreaable 
quantity, is not normally excreted by the kidneys, apparently because 
the renal threshold does not permit the passage of adsorbed bihrubm 
(13) Urobihnogen is, however, readily passed by the kidneys and 
IS found m the urme as such or m its oxidized form as urobihn 

Although the chief facts of blood destruction have thus been es- 
tabhshed, many remam unknown does the red ceU m its final break- 
down become fragmented, does it become hemolyzed, is it actually 
phagoqvtosed by the reticulo-endothehal system, if so, are certam 
enzymes or hemolysms mvolved m the process, does the spleen have 
any special function m the breakdown of the red blood cell? 

Z Physiology of the hemolytic states As noted above, hemolysis is 
a normal event There is constant breakdown of red blood cells, 
which IS balanced by constant formation of new red blood cells, keep- 
mg the total red blood cell mass at a surpnsmgly constant level In- 
creased hemolysis from whatever cause results m an mcreased activity 
of the reticulo-endothehal cells and thus of the spleen Presumably 
there is either h)q)ertrophy of these cells or an mcrease m their num- 
ber The spleen becomes larger m volume because m addition to this 
reticulo-endothehal mcrease, its smusoids become congested An 
mcreased amount of circulatmg bihrubm develops, this is of the nor- 
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mal or “indirect” vanety, since increased hemolysis is merely an exag- 
geration of the normal process The mcreased amount of bihnihm 
which IS produced is then secreted by the hepatic cells and thus the 
stools contam an mcreased quantity of stercobihn and the unne an 
mcreased quantity of urobihn(ogen) 

An mcreased breakdown of red blood cells mevitably results m a 
stimulation of the bone marrow to compensate for this loss Inactive 
marrow becomes active and normally active marrow becomes hyper- 
active Erythroblastic hyperplasia withm the marrow is mdicated 
by a disproportion m the normal ratio between nucleated red cells 
and white cells, and by the presence of more primitive (erythro- 
gones) and young forms of red cells (normoblasts "A” and “B”) than 
are customarily seen As is common m other conditions, with hyper- 
plasia of the red cells senes, the remamder of the marrow also becomes 
hyperplastic These conditions withm the marrow are reflected in 
the penpheral blood (see below) 

Extremely rapid and violent hemolysis does not allow the normal 
processes of blood breakdown to take place m their characteristic 
progression Under these orcumstances, hemoglobm is found free 
m the plasma (hemoglobmeima) and becomes excreted m the unne 
as such (hemoglobmuna) This may be paroxysmal m tj^ie, m asso- 
aation with cold, or occurrmg chiefly at mght, or after a long march 
or violent exerasc It may represent the only tj^ic of hemolytic 
process which is present in a given instance, although usually hemo- 
globinuna is assoaated with bihnibmemia Thus paroxysmal noc- 
turnal hemoglobmuna is accompanied by constant biUnibmemia and 
the vanous other phenomena of the hemolytic state Hemosidenn, 
bemg an mtermediary product between hemoglobm and bihrubm, 
may also be found m the urine m severe hcmolj tic states and has been 
desenbed particularly m the parcxj-smal nocturnal vanetj Hemo- 
globinous casts are often found accompanymg the hemoglobmuna 

Should the hemolysis be of a less severe and more chronic tj-pe, 
the regenerative process tends to keep pace with the process of de- 
struction and the blood may present no striking deviations from the 
normal The mcreased content of bihrubm m the plasma, of uro- 
bilin m the stools, and of urobihnogcn in the unne, offer definite 
evidence of an increase m the breakdown of hemoglobin 

From the standpoint of the arculaUon, cxcccdmgly rapid and ful 
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minating intravascular hemolysis results m a condition alon to 
hemorrhage or shock The sudden reduction m erythrocyte count 
from 5 0 to 1 0 million is eqiuvalent to the loss of approximately 3 5 
hters of blood This may give a clmical picture mdistmguishable 
from that of acute hemorrhage or shock The pulse rate becomes very 
feeble, the extrermties may become cold and clammy, and semi-coma 
may develop 

It IS thus possible to arrange m order a variety of hemolytic condi- 
tions, dependmg m all probabihty upon rapidity of hemolysis, be- 
ginnmg with the very mild congemtal case on the one hand, and endmg 
with the extremely fulmmatmg state of violent paro^smal hemoglo- 
bmuna (Chart 1) on the other 

3 TJte pathogenesis of the hemolytic states with particular reference 
to hemolysins As mentioned above, the etiology of many hemolytic 
states IS well known and may be due to such exogenous agents as 
bactena (pneumococa, streptococa, B welchu), protozoa (malanal 
parasites, trypanosomes), chemicals (lead, sulphanilamide, phenyl- 
hydrazine, toluoldiamme), and more or less hypothetical toxms hber- 
ated by the fetus m certam cases of pregnancy However, m the 
majonty of the hemolytic states, both congemtal and acqmred, 
no exogenous hemolytic agents are demonstrable and because of this, 
much speculation has taken place regarding possible causative factors 
In the early studies of acquired hemolytic icterus and before knowledge 
of the reticulo-endothehal system had been estabhshed, the hver was 
thought to be diseased The occurrence of congemtal and hereditary 
cases led many observers to suspect that an mhented or constitutional 
tendency was always present, but smce this concept was frequently 
not explanatory, it was soon discarded Because we have become 
impressed with the importance of hemolysms as aetiological factors 
m the hemolytic syndromes, we present below a somewhat extended 
discussion of this subject 

a Immune hemolysins The findmg by Chauffard (47, 50) and 
his collaborators of active hemolysins m the blood serum of 2 acute 
cases of the disease focussed attention on mtrmsic hemolysms (“hemo- 
lysmerma”) as possible factors Donath and Landstemer (80) had 
recently discovered a “cold” hemolysm m cases of paroxysmal hemo- 
globmerma Commg m the wake of mtense activity m the study of 
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hemolysms by immunologists, these observations created widespread 
interest For many years it had been known that the transfusion of 
blood from one animal mto another frequently caused a severe reac- 
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ment Bordet (27) showed that it was possible to produce an immune 
(hetero) hemolytic serum for rabbit red cells by mjectmg rabbit blood 
mto guinea pigs The hemolytic action of thip serum could be 
destroyed by heatmg it to 56°C but “reactivated” by the addition of 
fresh normal serum (i e complement) This immune body was called 
“substance sensibtltsatrtce” by Bordet and “amboceptor” by Ehrhch 
(95) By means of a senes of mgemous experiments, the latter m- 
vestigator showed that amboceptor was able to attach itself m two 
ways — to complement m one, and to the red cell m the other * 

/5o-hemolysms m low titer have been demonstrated m human sera 
for many years In animals, iso-hemolysms, like agglutmms, are 
not normally found Attempts to produce them experimentally have 
usually been unsuccessful, although Ehrhch and Morgenroth (96), 
Lhdke (214), and Ottenberg and Thalhimer (259) produced them m 
goats, dogs, and cats respectively The latter mvestigators noted 
the appearance of isolysms foUowmg several direct transfusions of 
blood from other cats When blood from a normal cat was trans- 
fused to one which had developed serum isolysms, a severe hemolytic 
reaction occurred which was characterized by hemoglobmemia, 
hemoglobmuna, mtravascular erythro-phagocytosis and leukocytosis 
Ludke (214) produced iso- and autolysms m dogs by first rendering 
them anenuc by bleedmg and then remjectmg the blood cells from the 
same dogs In 9 of 11 experiments, iso- and autolysms appeared 
after an mjection of blood Most mvestigators have failed to con- 
firm these findings 

In human sera, iso-hemolysms appear to be closely related to the 
normally present iso-agglutmms Thus, Thomson and Thisted 
(328, 329) demonstrated that alpha and beta hemolysms were present 
normally m small concentration especially m Group 0 sera (i e sera 
contammg alpha and beta agglutmms) The highest hemolysin 
titer they could discover was 1 10, although the agglutmm titer was 
often as high as 1 512 These workers also demonstrated that the 
alpha hemolysm was much more active than the beta type Mat- 
sumaga (224) exammed 315 human sera for the presence of iso- 

■* For good general and detailed discussions of hemolysis and hemolysins, the reader 
is referred to the monograph of Sachs and KJopstock (305) and to Wells’ “Chermcal 
Pntholog>” (354) 
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hemolysins and made much the same observations Determination 
of the presence of iso-hemolysins became difBcult when the agglutmm 
Uter was high and it was found impossible to separate hemolysm from 
agglutmm by differential preapitation When the serum was heated 
to 50° for thirty mmutes hemolytic activity disappeared, and reacti- 
vation could not be established by addition of complement Mat- 
sumaga (224) also found that normal human serum contamed an 
antflytic substance which became more active after heatmg the serum 
to 56° for thirty minutes and which could be completely destroyed by 
heatmg to 75° No correlation was discovered between the presence 
of disease and the titer of hemolysm "Isohemolysmogens” corre- 
sponding to the agglutmogens of the red cells have thus far not been 
studied 

b The preience of hemolystns tn hemolyhc syndromes The first 
weU-descnbed hemolytic syndrome — paroxysmal hemoglobmuna — 
had early been shown by Donath and Landsteiner (80) to be associated 
with the presence of an hemolysm which became activated m the cold 
and then functioned at room temperature In 2 cases of acute 
hemolytic icterus, ChauSard, with his collaborators Troisier (47) 
and Vincent (SO) discovered active isohemolysms which funcboned at 
room temperature Various immunological tests demonstrated (1) 
that heatmg the serum to S6°C machvated its lybc activity, (2) 
its activity could, however, be regstabhshed by the addition of guinea 
pig or horse-serum complement (3) Iso-hemolybc acbvity of the 
serum gradually dimmished as the pabent improved, at first bemg 
present at room temperature, later reqmrmg incubabon for one-half 
hour (4) The Ehrhch-Morgenroth phenomenon was posibve (5) 
The Donath-Landstemer reaction was negabve At first red c plla 
were chosen at random from 8 individuals and tested m vtiro, the serum 
from the first case showed "bnUal” (rapid and complete) hemolysis 
at room temperature m 7 mstances Later, hemolysis occurred m 
9 of 11 expcrunents, but only at mcubator temperature Still later m 
the pabent’s course, tests for hemolysm were negabve m 4 of 19 in- 
stances Chaufiard and Vincent (SO) considered that the hemolysm 
probably possessed a definite pathogenic role They insisted on 
its “precoaous” character and on its "primary” ongm withm the 
body and believed that its presence was not merely secondary to red 
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cell destruction Unfortunately, Chauffard and his collaborators 
appeared to possess no knowledge of the blood groups, so that their 
observations are in this respect deficient Confirmatory observa- 
tions were soon made by Troisier (332), Dufourt (85), Widal and 
Weissenbach (369), GuiUam (130, 131, 132), Massagh (223), Tmer 
(331), and others v Stejskal (343) demonstrated the development 
of autohemolysis in cases of hemolytic icterus when the blood serum 
was kept m contact with the clot, control observations bemg negative 
This phenomenon, which took place m 8 to 12 hours at incubator tem- 
perature under sterile precautions, could be inhibited by heating the 
serum to 56°C for 2 hours v Stejskal also found that the comple- 
ment content of the serum was low m hemolytic anemias Roth 
(300) in 1913 reported an acute case with death m which an auto- 
hemolysm as well as an autoagglutinm was demonstrated, although 
isolytic activity of the serum against the cells of other mdividuals 
could not be demonstrated A 10% suspension of the patient’s red 
cells was hemolyzed m varying degree by 50 normal sera, but since 
agglutination also occurred with 48 of 50 of these sera, it is probable 
that the patient’s cells were of Group AB Roth advanced the theory 
that hemolysins, although normally present m blood sera, did not 
become active unless abnormahties of the red cells were also present 
His conclusions, hke those of Chauffard, were also considerably in- 
validated by lack of consideration of the factor of blood groups 

Our own findmg of hemolysms m 2 successive cases of acute hemo- 
lytic anenua led to careful study of the serum which showed the char- 
actenstics noted above As m Chauffard and Vmcent’s case the 
Ehrhch-Morgenroth phenomenon was positive and the Donath- 
Landstemer reaction negative With recovery of the patient after 
splenectomy, the hemolytic activity of the serum gradually dimimshed 

The concept that hemolysms were occasionally demonstrable m 
acute cases of hemolytic icterus was apparently completely forgotten 
in the penod from about 1915 to 1938 In none of the cases of acute 
hemolytic anenua reported smce 1925, and correspondmg closely to 
the case of Chauffard and Vmcent, was the presence of an hemolysin 
mvestigated, although m a few mstances there was some speculation 
regardmg its possible presence 

In hemolytic syndromes other than the acute tj^e of hemolytic 
anemia, hemolysms have occasionally been demonstrated The 
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inath-Landstemer phenomenon m cases of paroxysmal hemo- 
ibmuna has already been menboned Salfen (306) discovered 
hemolysm m a case of transitory hemoglobmuna m which the 
inath-Landstemer phenomenon was negabve, this hemolysm was 
t macbvated by heabng to S9°C and complement was not reqmred 
lother type of hemol 3 ^sm was described by Micheh (232), and by 
lae, Wilkinson and Israels (60) m cases of paroxysmal nocturnal 
moglobmuna Ham and Dmgle (141, 142) have recently made an 
hausbve study of the immunological aspects of paroxysmal noc- 
mal hemoglobmuna Although a definite abnormahty of the red 
11 was discovered, the mechamsm of the hemolysis was probably 
imunological in nature and required “the thermolabde components 
complement denved from himan serum ” In these instances, the 
imolysm was thermolabde and apparently non reacbve to normal 
dls, although its presence was essenbal for the hemolysis of the 
Dssibly abnormal cells of the disease Ennekmg (100) has descnbed 
somewhat different hemolysin m another case of hemoglobmuna 
Udke found isolysms m 4 cases of hemolybc anemia— 2 of the con- 
emtal and 2 of the acquired type Autolysins were also found in 
iTO of these cases, but only dunng phases of hemolybc crisis when 
emoglobmuna was promment 

Tests for the presence of hemolysins m congemtal hemolybc jaundice 
ave only rarely been made, possibly because of the emphasis which 
las been placed upon the bone marrow abnormahty m the disease 
n the early studies of the French school, hemolysms were not found 
a the congemtal disease Both Beckmann (15) and LUdke (214) 
n 1918 discovered hemolysms m congemtal cases Lttdke also dem- 
mstrated autolysins m his 2 cases More recently, Green (125) 
ound that normal washed erythrocytes became more fragile after 
ncubabon with the serum from a case of congemtal hemolybc icterus 
[n 2 cases of the disease, we demonstrated serum isolysms which were 
icbve only against certam red blood cells Thus m case H (Blood 
Group 0) of 43 tests of the scrum against various types of red blood 
ccUs, 35 were negabve, 5 showed moderate hemolysis against Group 
0 cells, 2 agamst Group A cells and 1 against Group AB cells In 
Case C (Group 0) of IS tests, 7 were negabve, 7 showed marked 
hemolysis (m 5 mstances against Group O cells), and 1 was doubtful 
Thus, the occurrence of at least 4, possibly 5 types of hemolysms 
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has already been described m various types of hemolytic syndromes 
It IS probable, however, that not only are differences m hemolysm 
important, but that the effective dosage of hemolysm is of significance 
— as brought out m our animal e:q)enments In these, a large dose 
of hemolysm produced hemoglobmuna, a smaller one acute hemolytic 
icterus (anemia), and a still smaller dose a subacute type of anemia 
That free circulatmg hemolysins are not demonstrable m a given 
hemolytic syndrome does not necessarily rule out their presence 
within the body tissues Wells (354), emphasizmg a previous com- 
ment of Rous (301), pomts out that an mjury msuffiaent to produce 
hemolysis imder test-tube conditions may nevertheless brmg it about 
m the animal body An amount of serum hemolysm suffiaent to lyse 
only a few cubic centimeters of blood tn vitro may, when mtroduced 
mto the orgamsm, give nse to great destruction This was well 
brought out m our animal experiments Troisier’s (332) experiments 
indicated that hemolytic amboceptor probably became directly fixed 
to the red cell GuiUam and Troisier (131, 132) stated that although 
two types of acquired hemolytic icterus could be discriminated (i e 
with and without the presence of hemolysms m the serum) these were 
not necessarily opposed In the “hemolysmic” type the hemolysm 
was free m the serum, whereas more commonly, it was probably fixed 
to the cells They agreed with Nolf (251, 252) that the first phase of 
hemolysis consisted m the production of hemolysm by body cells, the 
second phase m its fixation by the red blood cell In the process of 
fixation, the cell rmght become damaged (Mmr (210, 240), Wells 
(354)) (cf section on Spherocytosis) Liebermann and Fenyvessy 
(210) beheved that amboceptor first acted on the corpuscle, render- 
mg it less resistant to subsequent complement — amboceptor activity 
c Etiological relationship of hemolysins to the hemolytic process 
The findmg of active hemolysms m vanous cases of acute hemolytic 
anerma focusses attention upon the possible etiological relationship 
of the hemolysm to the anemia Chauffard and Vincent (50) con- 
cluded that a duect relationship was imquestionable The possibdity 
IS present, however, that the hemolysm is produced when blood 
destruction is rapid, from whatever cause Our own eiqienments 
(66, 67) have disproved this Thus when distilled water or phen- 
ylhydrazme are mjected mtravenously and mtrapentoneally m 
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rabbits there is no increase m the normal shght hemolytic titer of the 
serum despite the development of severe anemia Diminution of the 
hemolytic titer m the sera of our cases simultaneously with improve- 
ment of the patients lends support to the hypothesis that the he- 
molysins hear some etiological relationship to the hemolytic state. 
Indirect evidence for this relationship is given hy the activity of hetero- 
phihc hemolytic sera m the production of experimental hemolytic 
^dromes (66) Hemolytic sera were produced m rabhits by the 
injection of gumea-pig red cells When these sera were injected 
mtramuscularly or mtrapientoneally mto gumea pigs, a hemolytic 
process resulted, its seventy dependmg solely upon the amount of 
serum mjected (Fig 29) A large dose of serum of high titer resulted 
m hemoglohmemia, hemoglobmuna, and quick death, a moderate 
dose in the rapid development of acute hemolytic icterus with severe 
anemia, spherocytosis, mcreased fragditv of the red cells, and evi- 
dences of very marked red cell formation (reticulocytosis, nucleated 
red cells) Subacute pictures m which a “pseudo macrocytic’’ type of 

blood picture was present (similar to that seen m our first two cases) 
could be produced by smaller doses of hemolytic serum It should be 
noted that even with the mjection of large doses (0 5 cc ) of hemolytic 
serum of high titer with resultant severe anemia, a hemolysm could 
not be detected when the blood serum of the gumea pig was tested for 
hemolytic activity These ohservabons serve to mdicate (1) that a 
serum contauung an immune hemolysm can produce vanous types of 
hemolytic syndromes similar to those seen m man, (2) that (con- 
versely), since an hemolysm similar m immunological characteristics 
13 found m certam human cases of acute hemolytic anemia, it may he 
of etiological relationship to the disease process 
From the physiological standpomt, the presence of hemolysin m 
our cases may be explained on two qmte different grounds (1) that 
It represents an “overflow” mechanism, (2) that the hemolysm is 
indeed “precoaous” and of a different chemical nature than the alpha 
and beta hemolysins of immune tyiie In favor of the “overflow” 
mechanism is that with the hemolytic process extremely active, m 
vitro hemolysis was “hrusk” (“ftnrfofe” to use Chauffard and Vin 
cent’s expression) This might have been due to so great an excess 
of hemolysm that even Group O cells were hemolyzed As far 



274 


WILLIAM DAMESHEK AND STEVEN O SCHAVARTZ 


as we have been able to ascertain, m no other instances than ours 
have isohemolysms been demonstrated which are hemolytic for cells 
of Group 0 Theoretically, this finding is impossible smce Group 0 
cells, bemg without agglutmogens, are m all likelihood without 
“hemolysinogens ” Whether or not this feature serves to set our 
hemolysm apart from the immune t3^es of hemolysms which have 
previously been descnbed is debatable It should be noted, however, 
that as the extreme “bruskness” of the reaction lessened, hemolysis 
took place only with A and B cells, mdicating possibly that alpha 
and beta hemolysms were the ongmal types present That the hemo- 
lysm was of an entirely different order from those ordmanly seen is not 
likely since not only is this findmg umque, but it postulates either a 
purely cheimcal type of reaction or else an hemolysm of organic nature 
which does not require an ‘ffiemolysmogen” for its activity A 
chemical type of reaction might be conceivable, but smce the hemo- 
lysm otherwise behaved m orthodox immunological style, this is un- 
likely It is our conception, therefore, that the hemolysm, despite 
Its umque features, was probably not “precocious” but of such high 
titer that it was capable of hemolyzmg red cells devoid of hemoly- 
smogen 

d Aufolystns The cntiasm may be made that although iso- 
hemolysms m the serum of one mdividual hemolyze the red blood cells 
of another, and that heterohemolytic sera can produce a hemolytic 
process m animals, then etiological relationship to a clinical hemolytic 
process is not necessarily demonstrated Of greater importance would 
naturally be the findmg of an hemolysm active agamst the patient’s 
own cells i e an autohemolysm 

Although autolysms have occasionally been reported, systematic 
examinations for then presence were unfortunately not performed m 
our cases In Case 3, however, marked autolysis of the blood clot 
occurred at ice box temperature when the blood was kept overnight 
Chauffard and Vincent (50) reported shght autolysis m then case 
Reference has already been made to the findmgs of v Stejskal (343), 
Roth (300), and Lfidke (214) Despite the rather consistent lack of 
demonstration of serum autolysms m vanous hemolytic processes, 
then presence withm the body tissues is stdl a possibffity, and, as 
stated above, the abnormahties (particularly spherocytosis) of the 
red blood cells might be due to then previous activity Although the 
findmg of isohemolysms m various hemolytic processes does not carry 
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With it the significance entailed m the finding of an autolysin, it must 
nevertheless be admitted that their demonstration is etiologically 
suggestive and m all probabihty not comadental 

e Auioaggluhmns In Cases 2 and 3 of our senes the agglutimn 
titer of the serum was highest when the patient was senously iD, and 
became lower as the patient improved Unfortunately, tests for 
autoagglutmation were not made * Widal and his collaborators, m 
their reports on acquired hemolytic jaundice pomted out that auto- 
agglutmation of the red cells was a constant phenomenon, both m the 
acute and chronic relapsing cases They stressed the diagnostic 
importance of this phenomenon and pomted out that this findmg, 
together with the shght disturbance m fragihty, offered two objective 
cntena helpmg to differentiate the acquired from the congemtal type 
of hemolytic icterus The observations of Widal et al were soon 
confirmed in many reports on acquired hemolytic icterus but were 
agam (as with the isohemolysins) apparently forgotten Thus, 
Giordano and Blum (121) recently statrf (1937) that theirs was the 
first findmg of autoagglutmation m a case of acute hemolytic anemia 
and this statement was also accepted by Greenwald (126) Of the 
cases mcluded above m our analysis of the hterature, autoagglutmation 
was searched for and found present by Antonelh (8), Roth (300), 
Troisier and Catton (334), Davidson (68) (Case 2), Patterson and 
Smith (264), Giordano and Blum (121), and Greenwald (126) (Case 2) 
The common findmg of autoagglutmation m the cases of acquired 
hemolytic icterus (all types) reported years ago is another hnV m the 
establishment of the concept that acquired hemolytic icterus (acute 
type) and acute hemolytic anerma are one and the same disease 

Many immunologists have commented upon the close relabonship 
which exists between the isoagglutimns and the isohemolysms, as 
well as upon the fact that when the agglutimn titer is greatly m- 
crcased, titration of hemolysins becomes exceedmgly difficult Thus, 
m testing for hemolysiiis, if the serum has marked agglutmating 
properties, hemolysis of the agglutmated red cells will be prevented 
although the hemolysm Utrc is high This fact has been abundantly 
recognized and attempts, thus far unsuccessful, have been made to 

* In a recant care (L.), a “pan” agglatinln with autoaggluUnatlng propartlei Trai prea- 

ent In high Utre, mafang Uood-grouping and woas-matchlng almost hnpcmtble. Tbeag 

giutlnln was most active at ice-box temperature, nnd gradually diminished as the paUent 
Improved 
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absorb out the agglutinins from a serum before testmg it for hemo- 
lytic acti-vity Several workers (332, 85, 32) have pomted out that 
the high agglutmm and autoagglutmm titre of cases of acquired hemo- 
lytic icterus might be mdirect e-vidence of the presence of high hemo- 
lysm and autohemolysm titres m the serum It is thus not unlikely 
that mcreased agglutmm titres and the presence of autoagglutinms 
nught mdicate the presence of a hemolytic process For example, 
autoagglutmation has also been reported m paroxysmal (cold) hemo- 
globinuria (Kopphn (179), Mmo (235)), and autoagglutinms acting 
only at low temperatures by Patterson and Smith (264), and by 
Rosenthal and Corten (296), m cases of acute hemolytic anemia 
As with the isohemolysms, the cause for a marked mcrease m agglu- 
tmm content of the serum is not apparent It should be remembered, 
however, that the exact nature and site (or sites) of the production 
of the ordmary type — specific isoagglutmms have thus far not been 
eluadated 

f Other possible factors (complement activity, dimimshed antilytic 
activity) Various observers have commented upon the possibihty 
that changes m complement value of the serum may have some bearmg 
upon its hemolytic potency (89), and that this feature nught be of 
importance m hemolytic anerma The titre of complement has been 
stated to be low m congenital hemolytic icterus (330) Others have 
considered that the serum of hemolytic anemia imght be defiaent m 
normal antilytic acti-nty This possibihty was mvestigated by Clark 
and Evans (54) m 1920, and by Zmck, Clark, and Evans (379) m 
1922 (recently by Murphy and Howard (242)), who found that the 
serum of patients with hemolytic anenua and permaous anemia was 
defiaent m its normal protective power agamst the hemolytic acti-vity 
of saponm and sodium oleate Our own experiments demonstrated 
the pronounced antilytic acti'vnty of normal human serum agamst 
the lytic acti-vity of the sera from Cases 2 and 3 of acute hemolytic 
anemia Kraus and Clairmont (181) and Besredka (21) demonstrated 
many years ago that normal human serum was antilytic and the latter 
postulated a normal balance between lytic and antiljdic processes 
This work was confirmed by Neisser (246), Muller (241), and Camus 
and Pagmez (38) For theu antilytic acti'vity Josephs (172, 173) 
has recently utilized concentrates of normal swme blood serum m 
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the treatment of various hemolytic states The results so far are 
inconclusive Attempts to produce an acUve antilysm (an “anti-anti- 
bodj ”) have thus far been unsuccessful, although Ehrhch and Morgen- 
roth (96) claimed to have done this m goats Prehmmary experi- 
ments of our own m rabbits have been unsuccessful The possibflity 
of a peculiar type of allergic reaction should be considered, especially 
m view of the fact that one type of acute hemolytic process (favism) 
has been shown to be due to a hypersensitivity to the fava bean 
g Tht possible stle of ongin of heotolystns Datmg from Minkow- 
ski’s report, the spleen has assumed the central pomt m speculations 
regardmg a possible site of a hemolytic agent Metschnikoff (227), 
Korschun and Morgenroth (180) (1902), and later Gilbert, Chabrol, 
and Benard (119, 120) and Nolf (251, 252), found that splemc ex- 
tracts possessed hemolytic activity due not to an amboceptor-comple- 
ment reaction but to hemolytic substances presumably of cellular 
origin. Banti (10) attempted to mvesbgate the hemolytic funcbon 
of the spleen by the experimental production of hemolytic anemia with 
heterophihc sera. He found that the fragility of the red blood cells 
was greater m blood from (he splemc vem than that from the general 
circulation Hemoglobmemia, when present, was also greater m the 
splemc vem These observations were confirmed by several workers 
The hemolytic process which occurred when hemolytic sera were used 
was slighter m splenectonuzed animals and took longer to develop 
Extracts prepared from the spleen of normal dogs possessed either 
shght or no hemolytic activity, on the other hand, splemc extracts 
from dogs with experimental hemolytic anemin possessed a defimte 
hemolytic activity Histologic studies of the spleen m the expen 
mental animals furthermore demonstrated marked congestion of the 
pulp, erythrophagocytosis, mcreased size and funcbon of the rebculum 
cells and vanous gradabons m the breakdown of the red blood cells 
Finally, the stnkmg result of splenectomy m his case of "hemolybc 
splenomegaly" added great weight to the experimental and speculabve 
observabons, and Banb concluded that the spleen was the pnnapal 
organ of hemolyas, probably through the medium of hypothebcal 
cytohcmolyans produced by the splenic cells He also felt that the 
many resemblances between human and e.xperimentally produced 
hemolydic anemia were too striking to be ignored The ongm of the 
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hemolytic agent which caused the initial stimulation of the spleen 
and its resultant hemolytic activity was a factor which could only be 
speculated upon 

AntoneUi (8) (1913) criticized many of Banti’s views m discussmg 
a case of his own On the basis of clinical experience, a thorough 
review of the literature, and a few experimental observations, AntoneUi 
concluded that although splenopathy was undoubtedly a pathogemc 
factor of great importance in the disease, it could not be unphcated 
as the sole or even the most important factor smce the hemolytic 
agents might also be present m other viscera Furthermore, splen- 
ectomy, although dramatic m its effects, might cause them sunply 
by reducmg red ceU destruction rather than by removmg the organ 
producmg the hemolysm 

V Stejskal (343) (1909) found that autohemolysis could be dem- 
onstrated m certam cases of hemolytic anemia by aUowmg the serum 
to stand m contact with its clot at mcubator temperature for several 
hours In cases of hemolytic jaundice this worker produced stasis of 
the arm by means of a tourniquet, and found that blood removed 
from a congested area showed mcreased autolytic activity, whereas 
blood removed from an anemic area, rendered so by keepmg the arm 
up, showed diminished lytic activity v Stejskal thus reasoned that 
hemolysis was favored by congestion and smce stasis rmght readily 
occur m the spleen, hemolysis might take place there He posed 
the question at this time whether hemolysis could be explamed upon 
a purely physical basis such as stasis or upon the basis of the activity 
of hemolysms Smce his eiqjenments pomted to the importance of 
both these factors, he concluded that the important feature of a given 
hemolytic process was either a physical or chermcal process actmg 
upon the red blood cells and lessenmg its resistance Bergenhem 
and Fahreus (18, 19) recently presented somewhat similar views 
These mvestigators felt that the phenomenon of spherocytosis might 
be due to the presence of a ‘lysolecithm” m the blood which was 
chiefly active m areas of sluggish circulation where an "endopause” 
could occur Because of the well known storage of blood m the spleen 
and its sluggish arculation, they felt that the spleen was m all prob- 
abflity the chief “endopausal” organ Smger (314) has confirmed 
many of the experiments of Bergenhem and Fahreus and comes to 
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the same general conclusions regardmg the importance of the spleen 
m 'lysoleathm” production 

These vanous speculations are attractive and may be said to build 
up a formidable case for the relationship of the spleen to hemolysin 
production The undeniably rapid and dramatic response to splen- 
ectomy 'which occurs in many cases immediately unphcates the spleen 
This 13 a "mysterious organ,” however, and the effect of splenectomy 
need not necessarily mean the removal of an hemolysm-ptoducmg 
organ but rather one which acta m a more mechamcal manner The 
problem is by no means simplified by study of the histology of the 
spleen m these cases As noted above, three types of picture were 
discmmnatcd (1) congestion (2) infarction and (3) histiocytic prolif- 
eration Simple physiologic hyperactivity m the breakdown of red 
blood cells might accoimt for any or all of these pictures From 
study of the histology alone m these cases it is impossible even to 
speculate regardmg the splemc physiology 
Similar problems are presented m thrombocytopenic purpura — 
does splenectomy cause sudden dramatic response because of the re- 
moval of a thrombostatic organ or because the organ inhibihng 
megakaryocyte-platelet formation m the bone-marrow is removed? 
The effect of splenectomy may simply be due to the remo'val of the 
largest smgle aggregation of blood-destroymg cells 
The hemolytic factor, whether cellular or serological m type, may 
be said to cause changes m the red cells (spherocytosis, mcreased 
fragflity) rendering them more readily destructible by the normal 
organs of blood destruction Heilmeyer has recently stated such 
views (148, 149) In the presence of an mcreased number of cells to 
destroy, the spleen may become increasingly large, the large size may 
thus be an mdex merely of mcreased physiological, rather than patho- 
logical, acb'vity Splenectomy will thus dimmish hemolytic activity 
in any event and may allow weakened red blood cells to remam m the 
circulation for a longer time -without being destroyed Fanti’s ex- 
perimental observations are in Ime with this supposition In our own 
cases, hemolysm was demonstrable to an appreciable extent in the 
serum long after splenectomy had been performed, this tended to 
show that hemolysm was not produced entirely by the spleen Per- 
haps the entire reticulo-endothchal system was implicated 
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The ^ 1 nmed^ate effect of splenectomy is however so st rikin g a phe- 
nomenon that it cannot be dismissed by statmg that the largest blood- 
destroymg organ is removed As Curtis, Doan, and Wiseman (59) 
have pomted out m their discussion of emergency splenectomies for 
hemoclastic cnses, the effect is mdeed immediate, occumng even on 
the operatmg table This makes one postulate a more posthve func- 
tion of the spleen than the simple destruction of weakened red blood 
cells m these cases Lauda distmguishes between an '‘active” and 
a “passive” hemolytic function on the part of the spleen (193, 194, 
195) ® The fact that splemc extracts are more hemol3rtic than ex- 
tracts of other organs does not help to elucidate the problem We 
may conclude that the site of ongm of a hemolytic factor is suhjudtce 
— that it may weU reside m the spleen — that the spleen probably has 
a “routme” or “passive” hemolytic function as weU as a possible 
“active” one — that m any event, splenectomy is often successful 
in mduang an immediate cessation of hemolysis 

h Possible initiators of hemolytic activity The fundamental ongm 
of the stimulus for hemolysm production must as yet remam un- 
answered A hetero-hemolysm may be produced expenmentaUy by 
sensitizmg one animal to another animal’s red cells As noted above, 
a few mvestigators have demonstrated that an isolysm may be pro- 
duced by mjectmg animals with large quantities of blood from the 
same ammal speaes It is theoreticaUy possible that the body may 
on occasion become sensitized to its own red blood ceUs This imght 
be m the nature of an aUergic or immune process as the result of a 
previous mfection or m response to the mtroduction of an anti-red 
ceU substance The possibUity of sensitization to the vanous break- 
down products of the red blood ceU is present Another possibUity 
again centres about the spleen Rapid changes m the size of this organ 
are known to occur With sudden contraction, a fairly large amount 
of blood may be suddenly mtroduced mto the arculation That 
events of this type might conceivably result m the budding up by the 
body of autolysms is not altogether impossible The opposite of this 
reaction — i e chrome distension of the spleen with stagnation of 
blood and the resultant buddmg up of appreaable quantities of lysms 

‘ For an excellent discussion Math complete bibbography of the spleen as an hemolytic 
organ, the reader is referred to Lauda’s monograph (194) on the physiology of the spleen 
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IS another possibility Chronic splenic stasis might also result m 
a more mechamcal type of mcreased hemolytic activity Troisier 
(332) m his thesis on hemolysms showed that if hemorrhage occurred 
mto a body space (hemothorax, hemopentoneum) hemolysms ap- 
pieared m the blood and gradually mcreased m titer The hemolysin 
then became fixed to the red cells rendenng them more fragile 
It IS possible that certam infectious agents might directly result 
m the development of hemolysms, espeaally m view of the fact that 
vanous typics of hemolytic organisms as well as bacterial lysms are 
well known The theory advanced by Lederer (197, 198) that smce 
fever and leukocytosis were present, an infectious process was probably 
causal, must be discounted smce active blood destruction and marked 
anemia from whatever cause are both assoaated with fever This is 
particularly true m severe hemolytic crises such as occur occasionally 
m permaous aneima, foUowmg transfusions of blood m congenital 
hemolytic icterus, and m the hemolytic acadents of phenylhydrazme 
and sulphamlamide poisonmg That infections may, however, mi- 
tiate the development of mcreased hemolytic activity on the part of 
cells which are normally productive of hemolysms cannot be denied 

B Tilt blood ptdure^ 

The spherocylosts Fundamentally, the blood picture of acute 
hemolytic anemia is a mixture of two opposmg sets of phenomena 
those (1) of mcreased blood destruebon and (2) of mcreased blood 
formabon The degree of blood destruebon, and its velonty, can fre- 
quently be measured not only by the rate of fall m hemoglobm and red 
cell count but by the degree of spherocytosis present The concept 
that the spherocyte is an mdicator of intravascular hemolysis is a new 
one and deserves some comment Most observers have pointed out 
the marked amsocytosis and the large number of rmcrocytes which are 
commonly present Our studies have demonstrated that the micro 
C} tes of acute bemolybe anenua, like those of congenital hemolytic 
icterus, are for the most part thicker and rounder than normal, i c 
spherocytes Spherocytosis m our own cases was most marked in 

‘For lUiutraUoM of the vanou* commenU regarding the blood picture the reader 
Is rMerred to the photomicrographs and Prlce-Joncs cones of our cnscs (cf Figures 
1, 11, 12, 6 7, 34, 8 9 22, 33, 13, 35, 23, 24, 25. 14, IS 27) 
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Case 3 with the fulminating course — and least marked m Cases 1 
and 2 which were subacute m tjqie and of at least a month, probably 
longer, m duration In Case 4, which we were able to observe closely 
durmg several successive relapses, the degree of spherocytosis went 
hand m hand with the other mdices of mcreased hemolysis, i e 
anemia, mcreased bihrubmenua, and mcreased output of urobilmogen 



Pig 22 Case 3 Price-Jones Cueves of Red Ceu. Diameters (Incltiding REncuto- 
CYTES AND NON-RETICDLOCYTEs) BEFORE (8/27/37) AND AFTER SPtENECTOUY 
Note the extreme degree of microcytosis on the first date, the larger cells are all reticu- 
locytes (see figure 18) On 10/1/37 there -was still a tendency for microcytosis but on 
11/17/37 the curve was essentially normal 

The spherocyte is a red blood cell which is smaller and thicker than 
normal In stamed blood smears it appears to be excessively dense 
and of a deeper red color than the remamder of the red cells It is 
never polychromatophihc and spherocytic reticulocytes are rarely 
seen The spherocyte is best studied m the fresh blood smear made 
by droppmg a cover shp contammg a small drop of blood upon a dean 
glass shde Excellent preparations have been ob tamed with the use of 
our platelet-reticulocyte solution (Dameshek (63)) With this method, 
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vanous gradations in thickness of the cells are seen (Fig 17) The 
first change from the normal is the loss of one of the normal bicon- 
cavities and the formation of a cup shaped red cell This then be- 



l-io 23 Case 4 PiiOTOuiCTOORArK (XIOSO) or Fresu UKSTAn^EO Pri paration or 

Blood 

The indW Wual red cells In alrated IsDlomc platelet TcUtrulocvle solution arc cll seen 
Cup-shaped cell* arc sUghllj thicker than nonnsL The full blown *phcroc)tcs jn this 
pre^mUon continue to shou a small dimple. * 

hio 24 PnoToujcRoORAPii (X1080) or Normal Kooleaipc Formation rv a Fresh 
llNTRL-mj) Prepnration of Blood Made d\ Dropping a Covtbsup Contain 
INO A Drop or Blood on v Glass Slide 
The rouleaux gather together In long groups like piles of coins. The individual red 
cell* can often be \icvrctl on ctlgc and ortc notes their regularity and their close Tit’ to 
each other 


Via 25 Ca«i 4 Photouicroohaph (XIOSO) or RoolijMPC Formation in a I ri sh 
Unstainfji pRrpARATioN OF BtooD mou A Case of llnuoLvnc Antuia 
Note thort rouleaux made up of red cell* of var>'ing grades of thickness and sire 
The thick red cell mull somehow accomodate lUcU to lu neighbor Becauic of this, the 
rouleaux are U8uall> of irregular shape*. A spheroo te frcquentl> top* off a short rouleaux 
Vio 26 F C PiioTOUicROORAPii OF Unstainiji Preparation of Blood for Demon 
KTRATION or ROULEAHX FORMATION IN A CA-SI OF ACUTP HfAIOLYTIC AmaILV 
VNinat Dfv'ilopij) in thi Coursi op a llmiERTO Unrfcoomzed Casf of 
Chronic I \mphatic LcuKijiiA 

Note the *midl distorted rouleaux made up of red cell* of vTirvdnc degrees of thickness. 
The colorlesj celU arc »mall l>Tnphoc\ les 
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comes elongated into a jug-shaped cell, m which a “dimple” is seen 
at one pole Finally, the dimple disappears and a completely round 
cell IS formed Examination of rouleaux formation is of great mterest 
and IS best made m fresh unmodified blood smears Normal red cells 
form long rouleaux consisting of cells agglutinated together like a 



Tig 27 Correlation of ExPERiitENXAL with Clinical Hemolytic Syndromes 
Both the eYp>enmental acute hemoK-tic anemia and the clmical fulminating case show 
\ crj marked spheroct tosis and but little reticulocj tosis In the subacute cases, both 
clinical and expenmental, the reticuloci tes and the normal red cells combme to form a 
“pseudo-macrocj tic” blood picture resembling superficiallv that of pernicious anemia 


pile of coins (Fig 24) The red cells are relatively narrow and com- 
parison of their thickness with the diameter of the free cells in the 
preparation wdl demonstrate a thickness diameter ratio of approxi- 
mately 25 Spherocytic red cells, with their various gradations m 
morpholog)', form verj'^ abnormal rouleaux, which are characterized 
by the relative fewness of cells, their increased thickness, and the 
bizarre formations which develop (Figs 22, 30) The adherence of 
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cup-shaped cells to }ug-shaped and normal red cells results m irregular, 
peculiarly shaped rouleaux which are quite characteristic (67a) 
When many spherocytes are present, the mean corpuscular thickness 
becomes defimtely mcreased (see under Fragdity) 

Although the spherocyte was first described as such by Nacgeh, 
references to cup shaped and spherical red cells appeared almost a 
century ago Thus Dujardm (86) m 1842 found many corpuscles 
shaped “hke cups, or cupules (acorn cups) with thick borders” m 
blood altered by the action of sodium phosphate Dekhuyzen (76) 
m 1899 discussed "cup-shaped” erythrocytes which he found as a tran- 
sient stage m mammnk Hamburger (143), and Bnnkman and Van 
Dam (31) found that red cells often appeared spherical m fresh prep- 
arations of blood upon which a cover shp had been placed Ponder 
(276) studied this phenomenon in extenso F T Lewis (207, 208) 
observed the varymg changes m the red blood cells thoroughly and the 
lUustrabons in his Lewis and Stbhr’s Histology (2nd ed , p 193) 
are excellent (208) Naegeh (245) first suggested that the spherocyte 
was patliognomontc of congemtal hemolytic icterus which could thus 
be designated as “spherocyte anemia” or “globe-cell anemia ” Gans- 
slen (114) made much the same observations and conelated the spher- 
ocytosis with the mcreased fragihty Microcytosis had previously 
been desenbed by Chauffard (43 et seq ) and numerous other observers 
(10, 250, 102) Von Boros was the first to make careful studies of 
the mcreased thickness of the microcytes and showed that, although 
the cells were diminished m diameter, the cell volume was nevertheless 
normal This could only be explained by mcreased thickness Von 
Boros (341, 342) also proposed a “thickness mdei” to indicate the 
degree of change m thickness Haden (132, 133, 134) studied these 
phenomena further and concluded that “Naegch’s conception of mi- 
crospherocytosis as the fundamental and probably constant inborn 
error in this disease (congemtal hemolytic icterus) seems the correct 
one.” He stated that “the shape of the red cell mdircctly represents 
an anatomic vanation from normal,” m common with the “tower 
skull” and other abnormalities. Gttnsslen (114), Nacgeli (245) and 
Haden (133, 134, 135, 136, 137) aU concluded that the microspherocy- 
tosis mdicated a definite bone marrow defect and was pathognomonic 
cf the disease. Thompson (327) stated “The spherical microcytes 
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are as pathognomonic of this disease as are the sickle cells, m 
sickle-ceU anerma ” On the other hand, von Boros (341, 342) and 
Heihneyer (154, 155, 156) stated that they had observed the spherocyte 
m various conditions other than congenital hemolytic icterus Heil- 
meyer and Albus (157) m 1935 reported 3 cases of acquired hemolytic 
icterus m which typical spherocytic red cells with altered fragility 
were present FoUowmg splenectomy, there was complete disappear- 
ance of these features In the followmg year Heilmeyer made a care- 
ful analysis of the hematological data of his cases and concluded that 
the mcreased diameter, dimmished thickness, diminished thickness 
diameter ratio, and dimmished fragihty which occurred after splen- 
ectomy gave defimte evidence that spherocytosis was not an mbom 
constitutional change but rather an expression of pathological splemc 
function He concluded that the spleen acts upon erythroc 3 rtes m 
certam cases with resultant spherocytosis 

Our own expenence, like that of Heihneyer, both m cluneal and m 
experimental cases, is duectly contrary to the view that spherocytosis 
IS primarily due to a bone-marrow defect or is pathognomonic of the 
congemtal form of hemolytic icterus We were led to the view that 
spherocytosis imght be due to the activity of a hemolytic agent m 
the serum by the findmgs m our third case of acute hemolytic anerma, 
which was characterized by the presence of large numbers of sphero- 
cytes and greatly mcreased fragihty In this case, as the titer of 
hemolysin dimmished, the red cell diameter mcreased and the eryth- 
rocyte fragihty became normal Similar cases had previously been 
desenbed by Chaufiard, Troisier and Guard (49), and by Widal and 
Weissenbach (369) In previous studies of HensteU and Dameshek 
(158) of the bone-marrow and blood m a case of congemtal hemolytic 
icterus, it was noted that the red cell diameter of the most mature 
nucleated red cells m the bone-marrow averaged 9 84 rmcra (normal 
or shghtly increased), whereas the average red cell diameter of the 
penpheral blood was reduced to 6 76 micra Furthermore, the most 
mature nucleated red cells m the penpheral blood of the dmical case of 
acute hemolytic anerma above referred to were of normal diameter, 
8 9 nucra, as compared with the average cell diameter of the non- 
reticulocyte red cells of the same day 6 85 micra The average cell 
diameter of the reticulocytes m this case was 8 16 rmcra, whereas 
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that of the non-reticulocytea (mature red cells) was reduced to 6 18 
micra These dmical findings, demonstrating that the immature 
red cells of the bone-marrow and penpheral blood, were of normal size 
while the mature red cells were distmctly smaller than normal, could 
only indicate that the spherocytes were formed not m the marrow 
but by the action of some agent on orculatmg red blood cells Sup- 
port of these views was given m our animal experimentation 

In the experimental hemolytic syndromes the number of sphero- 
cytes vaned directly with the dosage of hemolytic serum, i e , the 



Fio 28 Case 4 Correlation or Erythrocyte Counts and tee Average Diaheter 
or THE Non REncuiocTiE Red Cells 

With mcrcasinB hanolysts End doping erythrocyte count the number of spherocytes 
Increased and the cell diameter dimlnisbed Folkming »plcnectomy the c^ diameter 
graduafly returned to normal levels. 

larger the dosage, the greater the number of spherocjdes The 
Tnce Jones curves brought out graphically the changes which de- 
veloped m the mature orculatmg red cells as hemolysis took place 
(Figs 29-32) These changes have been discussed m detail above 
The nucleated red cells of the penpheral blood were always normal m 
size and nucleated microcytes were never encountered Studies of 
the red cell diameters of the most mature nucleated red cells of the 
bone-marrow m animals dying with almost total microspherocytosis 
of the peripheral blood, gave normal values for the bone marrow cells 
In an anunal djnng of acute fulmmatmg hemolytic anemia, for in 
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are as pathognomonic of this disease as are the sickle cells, m 
sickle-cell anemia ” On the other hand, von Boros (341, 342) and 
Heilmeyer (154, 155, 156) stated that they had observed the spherocyte 
m vanous conditions other than congenital hemolytic icterus Heil- 
meyer and Albus (157) m 1935 reported 3 cases of acquired hemolytic 
icterus m which typical spherocytic red cells with altered fragility 
were present FoUowmg splenectomy, there was complete disappear- 
ance of these features In the foUowmg year Heihneyer made a care- 
ful analysis of the hematological data of his cases and concluded that 
the mcreased diameter, dimmished thickness, diminished thickness 
diameter ratio, and dimmished fragihty which occurred after splen- 
ectomy gave defimte evidence that spherocytosis was not an mbom 
constitutional change but rather an expression of pathological splenic 
function He concluded that the spleen acts upon erythrocytes m 
certam cases with resultant spherocytosis 
Our own experience, hke that of Heihneyer, both m clmical and m 
experimental cases, is directly contrary to the view that spherocytosis 
IS primarily due to a bone-marrow defect or is pathognomomc of the 
congenital form of hemolytic icterus We were led to the view that 
spherocytosis might be due to the activity of a hemolytic agent m 
the serum by the findings m our third case of acute hemolytic anemia, 
which was characterized by the presence of large numbers of sphero- 
cyles and greatly mcreased fragihty In this case, as the titer of 
hemolysin diminished, the red cell diameter mcreased and the eryth- 
rocyte fragihty became normal Sumlar cases had previously been 
descnbed by Chauffard, Troisier and Guard (49), and by Widal and 
Weissenbach (369) In previous studies of HensteU and Dameshek 
(158) of the bone-marrow and blood m a case of congenital hemolytic 
icterus, it was noted that the red ceU diameter of the most mature 
nucleated red cells m the bone-marrow averaged 9 84 nucra (normal 
or slightly mcreased), whereas the average red cell diameter of the 
penpheral blood was reduced to 6 76 rmcra Furthermore, the most 
mature nucleated red cells m the penpheral blood of the chnical case of 
acute hemolytic anenua above referred to were of normal diameter, 
8 9 micra, as compared with the average cell diameter of the non- 
reticulocyte red cells of the same day 6 85 rmcra The average ceU 
diameter of the reticulocytes m this case was 8 16 micra, whereas 
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that of the non-reticulocytes (mature red cells) was reduced to 6JS 
micra These clinical findings, demonstrating that the nninstcrs 
red cells of the bone-marrow and peripheral blood, were of ttoncsl sus 
while the mature red cells were distmctly smaller tlmn normal, trcE 
only mdicate that the spherocytes were formed not in tie c 2 Lrr*w 
but by the action of some agent on circulatmg red blood cells- SjJi- 
port of these views was given m our animal expemnentatHn- 
In the experimental hemolytic syndromes the number or 
cytes varied directly with the dosage of hemolytic rs-.. the 



larger the dosage, the greater tie ncfc rr — 

Pnce Jones curves brouaht mt n. ^ 

' doped m the mature ^ 

(Figs 29-32) nese ^ 

The nucleated red cells 

and nucleated micmcS? 

ttcrcdceUdiamete^S^'^'^'"==^ ' 

bone marrow m animals ^ 

PenpheralS:i«t"“^^ 





Fig 29 Coebzlation or Expertmentai. with Cunicai Heiiolytic Syndromes 
The type of syndrome produced experimentally m gmnea pigs by the mjection of 
hemolytic serum vanes directly with the dose A relatively small dose produces a sub- 
acute S3mdrome with spherocytosis, and secondary reticulocytosis, a moderately large 
dose produces marked spherocytosis with only abortive reticulocytosis, a large dose results 
in qmck death with hemoglobmuna. 



Fig 30 Correlation of Experimental with Clinical Hemolytic Syndromes 
Pnce- Jones curves (total number of red cells, both reticulocytes and non-reticulocyt«) 
m the gmnea pig FoIIowmg mjection of hemolytic serum, the red cell population be- 
comes smaller, then definitely spherocytic (7th day) and then more normal with recovery 
The wide, double-humped curve of the 7th day is analyzed m the followmg figure. 

288 





Fio 31 COIIEIATION or ExraUMENIAI- WITH CUNICAI. Heuolvtic Syndsoves 
Diflerentlal Price- Jcme« curves of the reticulocytes and non reticulocytes on the 7 th 
day following Injecilon The douhle-htnnped curve obtained when all the red cell diam- 
eters are counted Is broken up into 2 totally different rejular curves (1) of small (rediero- 
cytlc) mature red cells and (2) of large (Immature) reticulocytes. The mnrited similaiity 
of these curves to those of T S of 5^7/38 (fig 20) analyied In the same maimer may be 
noted. 



Fio 32. Coskelation or EaromrEHTAi. with Cunicai. HnioLyno SYNnaoMEs 
Diagrammatic presentation of the events which transpire m experimental acute bemo- 
lyuc anemim As the erythrocyte count dimlnlshea, the red cell diameter (non reUculo- 
rapldl> With increasing spberocj-toris, the fragility of the red 
ecus necomes ^eatly Increased This hemolytic phase is encroached upon by the rapid 
^eiopment of r^eneratlve phase during which there is marked letlculocytosla. In 
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stance, the average diameter of the most mature normoblasts was 
9 3 micra (normal), whereas there was extreme rmcrocytosis of the 
penpheral blood with an average cell diameter of 5 2 micra We 
beheve that these findmgs show conclusively that (a) spherocytes are 
fanned outside of the hone-inurrow, (b) spherocytosis develops only in 
mature red cells, (c) a hemolytic agent, such as is present in hemolytic 
sera, is responsible for its development As a corollary to these views, 



Fig 33 Case 3 Pbice-Jones Curves op NoN-REnctrLocyiEs (Mature Red Blood 
Cells) beeore and aeter SpLENEcromr 
Note the marked imcro (Mhero)-cytosis before operation and return to a more normal 
tj'jjc of curve on 10/1/37 Spherocytosis m these cases occurs almost exclusively in the 
mature erythrocytes 

the concept that spherocytosis is pathognomonic of congemtal hemo- 
lytic jaundice and mdicative of an inhented bone-marrow defect is 
cast mto question We have been able to produce spherocytosis in 
animals by other hemolytic agents, such as distilled water and phenyl- 
hydrazine (67) Pnce-Jones (280), and Kammer and Rohnstem 
(176) also noted that microcytosis became promment durmg the 
phase of hemolysis m experimental hemolytic anemia produced by the 
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latter drug Banti (10) noted microcytosis and increased fragility m 
animals given tuluoldiamme In clinical reports of hemolytic anemia 
due to such agents as malana and sulphamlamide, the microcytosis is 
pomted out, without much attention bemg paid to the phenomenon 
For example, careful mspection of the photomicrograph m Harvey 
and Janeway’s (148) recent article on acute hemolytic anemia due to 
sulphamlamide wdl reveal the presence of several typical spherocytes 



Fio 34 OsE 3 Doterinhal Non nKncoiocvTE and Reiicoixicvte Pmce Ton£3 
CONVES 8/27/37 , 

Tte non rtUailo<yte8 nre pmcticnlly nil microcyte* (roherocytes) nnd contrast shsrply 
I I reucnlocyte* which ere much Intger nnd comprise mnny microcytes from 9 to 12 
^cro to diameter From these and other data, It is probable that the mfcrotpberocy tea 
ore produced outside the marrow on intiavajcular hemolytic agent. 


We bcheve, therefore, that splierocylosu represents an alteration in 
the mature red cell brought about by various types of hemolytic agents, 
and that it is as indtcatne of increased hemolysis as bilirubtnemui 
In congenital hemolytic icterus, the spherocytosis may be due to the 
more or less contmued action of an hemolysin The extreme sphere 
cytosis of the crisis of this disease may be due to the sudden hberation 
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of large amounts of hemolysm and the resultant action upon the 
mature red cell 

2 Evidences of increased blood formation, the pseudo-macrocytic 
blood prclure It may be stated as almost axiomatic that whenever 
mcreased blood destruction is present, evidences of mcreased blood 
formation always appear These were abundantly present m our 
cases and mduded reticulocytosis, the presence of nucleated eiythro- 



Fio 35 Case 4 DiFEEHEimAi. Price-Jones Curves oe Red Ceiis, Reticdiocytes 

AND NON-RETICDI.OCVTES 

The mature red cells (non-reticuIocytes) are much smaller than the reticulocytes which 
are approximately norm^ m size 

cytes, Howell- Jolly bodies, leukocytosis, the presence of myelocytes, 
etc Of these phenomena, the greatly mcreased reticulocyte count 
was most mterestmg and is probably responsible for the frequently 
reiterated statement that the blood picture is “permaous-anemia 
like’’ or “macrocytic ” Our studies have shown that this is more 
apparent than real and might therefore, be called “pseudo-macro- 
cytic ” This is well brought out in differential Pnce-Jones curves of 
reticulocytes and non-reticulocytes (Fig 31) The average cell 
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diameter of the entire red cell population in a given case may be 
greater than normal, hut analysis of reticulocyte and non-reticulocyte 
diameters demonstrates forably that the larger cells are almost all 
reticulocytes and that the non-reticulocytes are either normal or 
rmcrocytic Numerous mvestigations have shown that the relatively 
immature reticulocyte is larger than the mature erythrocyte and this 
also IS brought out m our own studies The “macrocytic” character 
of these cases of acute hemolytic anerma as stressed by Davidson 
(68, 213) and others may be due at least partly to the presence of large 
numbers of (polychromatophihc) reticulocytes and not to true mature 
orthochromatic macrocytes, such as are seen m permaous anerma 
This diould be emphasised smee it is an important feature m the 
differential diagnosis of the two diseases 
Watson (346 a) has recently criticized our views regardmg “pseu- 
domacrocytosis,” emphasizmg the macrocytic character of his cases 
of acquired hemolytic anemia as distinguished from those of the con- 
gemtal vanety Unfortunately, actual measurements of the cell 
diameters were not made, only the mean diameter as determined with 
either the Bock erythrocytometer or the Pijper halometer bemg ob- 
served In our hands the latter mstruments have proved unrchable 
and of course give no data regardmg the varying diameters of the red 
cell population Settmg this matter aside, however, it shotild be 


noted that the apparently macrocytic picture of at least most cases of 
“macrocytic” hemolytic anerma is produced by a combination of poly- 
chromatophihc reticulocytes with mature normocytes, spherocytosis 
usually being shght Cases 1 and 2 of our senes would have been 
called “macrocytic” by most observers and yet differed from cases of 


permaous anemia by the lack of true orlhochromahc (mature red cell) 
macrocytosis These pomts arc brought out in the Pnee- Jones curves 
of Case 2 and of gumca-pig 82 (figures 12, 30, 31) The mean cor- 
puscular volume in Case 2, although defimtely elevated at 125 cu 
micra, was assoaated with a normal mean cell diameter (Pnee- Jones) 
of 7 44 micra The most immature rebculocytes averaged 8 70 
micra, the mature erythrocytes averaged 7 15 micra Even with a 
definite mcrease in mean ccU volume, there maj be an increased 
^gihty of the red^s, ^rhaps due to their increased thickness 
This was present in two of Watson’s cases and m 5 of the 6 cases (aU 
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chronic examples of acquired hemolytic icterus) reported by Dyke 
and Young (87 a) (Also compare Ejremer and Mason (183 a)) It 
cannot be demed that certain cases in which true macrocytosis is 
commonly present (cirrhosis of the hver, “splenic anemia,” and re- 
ticuloendothehosis) may present hemol 3 dic features m assoaation 
with true orthochromatic macrocytosis Such cases are used by 
Watson (P 1787 of his article, Cases 5, 6, and 7) to illustrate his 
cntiasm of our viewpomt of “pseudomacrocytosis” m acute hemol 3 dic 
anemia We beheve that these cases represent a type of acquired 
hemolytic anemia which should be distmgmshed from the idiopathic 
vanety considered m this paper One must conclude that the ques- 
tion of “macrocytic” hemolytic anemia should be kept sttb pidtce at 
the present time 

Nucleated red blood cells are common, particularly m the fulmmat- 
mg cases, and may be so numerous as to cause an apparent mcrease 
m the leukocyte count The latter figure should m this event be 
adjusted The nucleated cells are always normoblasts, with nuclei 
composed of thick “lumpy” masses of chromatm Megaloblasts of 
the true hver extract defiaency type (64) are never seen, although 
many authors have stated that they are present ’ The “scroU-work” 
nucleus of the megaloblast is qmte distmctive and readily differ- 
entiated, once it is known, from the nucleus of the normoblast The 
presence of many nucleated red cells m a case of supposed permaous 
anemia should always cause one to suspect the possibihty of hemolytic 
anemia, smce contrary to common opmion, nucleated red cells m any 
great number are unusual m permaous anemia 

Other evidences of maeased regenerative activity which are com- 
monly seen are Howell- Jolly bodies, Cabot rmg bodies, and baso- 
phihc stipphng The large number of polychromatophihc cells of 
vanous shades of bluish-gray has already been co m mented upon 

The leukocyte picture probably vanes with the duration of the 
process In the first stage of the disease, the count is almost always 
very high, although m occasional cases the count is low from the 
start Later, the count may become quite low This is well brought 

^ We use the term megaloblast m its ongmal sense as a cell seen only m the embryomc 
state or climcally m the bone-marrow of permaous anemia Morphologically, it may be 
sharply diatmguished from the normoblast. 
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out m the case of Chauffard and Vincent (50) m which the initial 
white count was 40,000, soon dropping to 9000 and later (m three 
weeks) droppmg to 2400 per cu mm The differential blood picture 
IS characterized by immatimty of the granulocytes with the presence 
of varymg numbers of myelocytes This ch a nging blood picture may 
be explained m this manner at first, with mtense bone marrow re- 
generative activity, the entue marrow partiapates and the leukocyte 
count becomes greatly elevated, with contmued destruction of red 
blood cells (and therefore contmued stimulation to formation) the 
leukocyte production m the marrow tends to be mterfered with This 
was actually visualized m our bone marrow biopsies which showed 
extreme normoblastic hyperplasia with marked preponderance of 
nucleated red blood ceUs over whites (about 3 1, normal about 1 1) 
The low leukocyte counts of some cases at the begmnmg of the disease 
may be due to some other mechanism such as “depression” of growth 
or "maturation arrest,” perhaps due to splenic activity 
The blood platelet picture probably has smular physiological back- 
ground At the begmnmg, with mtense regenerative activity, the 
entire marrow partiapates and thrombocytosis is present, but later 
as megakaryocytic tissue is probably overrun by erythroblastic, the 
platelet count may dimmis h to fairly low levels 
c. Tlie blcod picture during recovery The blood picture durmg 
recovery may roughly be divided into three stages (1) the immediate, 
(2) the later or erythroblastic, (3) the final stage of complete recovery 
(Figs 18, 19, 20, 21) The immediate effect of splenectomy was ex- 
ceedmgly dramatic m all the cases and was followed by an almost 
instant nse m erythrocyte count and hcmoglobm without reference 
to previous transfusions of blood This phase lasted from 4 to 7 
days durmg which time the patient’s chmeal condition unproved re- 
markably, and the erythrocyte count rose on the average of 200,000 
to 300,000 per day The first stage was followed m our cases by a 
second stage characterized by perceptible lag m erythrocyte increase, 
dunng which marked erythroblastosis was the rule The blood 
picture at this tune was charactenzed, particularly in Cases 2 and 3 
by the presence of large numbers of normoblasts m varying stages 
of maturity , by marked rcticulocytosis, and by the presence of large 
numbers of Howell-JoUy bodies m the erythrocytes Nuclear frag- 
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ments and stippled red blood cells were also present at this tune 
Despite these marked evidences of regenerative activity on the part 
of the erythroblastic tissue, there was very httle nse in eiythrocyte 
count Even with transfusions this type of blood picture contmued 
and smce the possibihty that there might be a faulty regenerative 
effect or loss of maturation substances in the bone-marrow, hver ex- 
tract and iron were given in Cases 1, 2 and 3 foUowmg which gradual 
improvement occurred Whether due to transfusions, to the added 
effects of iron and hver extract, or to other mechamsms, this second 
stage of recovery gradually gave way m the course of 4 to 6 weeks to 
the final stage of complete recovery durmg which the reticulocytes 
dropped to normal, the icterus mdex feU to normal, the urobihnogen 
excretion became normal, and there was a gradually mcreasmg nse m 
hemoglobm and red cell count Withm three months, normal coimts 
werereestabhshed In Cases 1,2, and 3 (Figs 18, 19,20) a shght though 
defimte mcrease m reticulocytes took place approximately a month 
after splenectomy (The fourth case was not observed suflSaently 
long at daily mtervals to note this effect ) This secondary reticulocyte 
response without relation to hver extract or transfusions might have 
been due to the stimulatmg effect upon the bone-marrow of the break- 
down of the large numbers of foreign red blood cells which had been 
suddenly mtroduced into the body just pnor to splenectomy and about 
a month previously 

This analysis of the blood picture m recovery is taken from our own 
cases which, it must be admitted, were of great seventy, necessitatmg 
splenectomy Fiessmger et al (109) speak of the anemia as bemg of 
the "coupe d’archet type” — \ e hke an arc with rapid lysis followed by 
rapid recovery This is certainly the case, particularly m some chil- 
dren where exceedmgly rapid blood destruction is followed, either 
spontaneously or after transfusion, by extremely rapid recovery 
Analysis of many of the cases will, however, demonstrate that a defin- 
ite lag m recovery, comparable to our second stage descnbed above, 
was frequently seen In the senes of Lederer (197, 198), who speaks 
of the dramatic response to transfusion, a defimte and marked lag 
in rise was discermble m Case 3 of series 1 and in Case 1 of senes 2 

The mterpretation of these stages cannot be entirely worked out 
in the present state of our knowledge The immediate effect of splen- 
ectomy may be due to the sudden removal of an organ (1) which m- 
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hibits red blood cell formation m the marrow, (2) destroys large quan 
titles of weakened red blood cells, (3) produces hemolysms. The 
second stage of “futile” red cell formation may be due to poor or m- 
effiaent maturation, or to combmations of these factors The final 
stage ot recovery is of course due to the loss of contmued hemol 3 'sis 
and the assoaated resumption of normal marrow activity 
d Fragihty of Die red cells The resistance of the red cells to hypo- 
tome salt solutions was normal m Cases 1 and 2 of our senes, greatly 
dirmnished m Case 3, and moderately diminished m Case 4 In 
Case 3, the red cells were extremely fragile upon the patient’s ad- 
mission to the hospital, but with her contmued recovery, their fragihty 
finally became entirely normal This comaded with an mcreasmg 
red cell diameter and gradual dimin ution of spherocytic rmcrocytes, 
and with a diminishin g titer of hemolysins 
The first two cases with normal salme fragihty were subacute, with 
many normal-sized and large usually polychromatophihc red cells 
present, qmte in contrast with the appiearance of the second two cases 
which showed a good deal of spherocytosis That the fragihty tests 
should be normal in the presence of a hemolytic process with definite 
numbers of spherocytes present is rather puzzhng In the presence 
of large numbers of spherocytes as m Cases 3 and 4, the fragihty test 
13 grossly abnormal The same situation was found m the experi- 
mental animab above referred to When the blood picture became 
“pseudo-macrocytic” the fragihty test became normal or relatively 
so This IS quite m contrast with the findmgs m congemtal hemolytic 
icterus, m which, foUowmg splenectomy, the fragihty test may retam 
Its abnormahty, despite the presence of relatively few spherocytes 
This brings up the possibihty that in the latter disease, as noted by 
Vaughan (339), the increased fragihty may not entirely be due to 
spherocytosis Certain studies in “differential fragihty” (67) — 
(i e using different types of hemolysms agamst the same er 3 ^roc 3 rte 3 ) 
may help to explam the apparent discrepanaes by mdicatmg that 
spherocytes from different conditions, although morphologically 
identical, may have physiological differences At any rate, one can 
say quite definitely that the more acute the process, the more marked 
IS the fragility, as the process becomes subacute and relativelj pro- 
longed in the acquired form ot the disease, the salme fragility tends 
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to be relatively normal In many of the reported cases, readings of 
beginning hemolysis at 50- 56 NaCl have been found 
Hamburger (143) showed that by the use of varymg dilutions of 
sodium chloride with water, gradations m erythrocyte fragihty could 
be determmed Chauffard (43) was the first to put this laboratory 
findmg to important clmical use when he demonstrated that the red 
cells of the hereditary form of hemolytic jaundice were abnormally 
fragile Widal and his collaborators (361) pomted out that it was 
advisable to use washed red cells m the test, particularly with the 
acquired cases, m which the erythrocyte fragihty might be only shghtly 
altered The abnormal fragihty of both forms of hemolytic icterus 
(cf Eppmger (102)) was taken for granted until Naegeh’s (245) 
msistence that spherocytosis and mcreased saline fragihty were 
pathognomonic of the congemtal tjrpe This concept gradually 
spread until finally such observers as Haden (132-134), Thompson 
(327), and many others accepted Naegeh’s dictum that mcreased 
fragihty was the stne qua non for the diagnosis of congemtal hemolytic 
icterus, and conversely that this findmg m any other condition was 
more apparent than real On the other hand, Meulengracht (229) 
stated quite defimtely (1922) that mcreased sahne fragihty was not 
pathognomomc of congemtal icterus and described cases of the ac- 
quired type with mcreased fragihty Furthermore, he stated that 
this symptom rmght be considered either (1) as an inhented disturb- 
ance m formation (2) as a regeneration phenomenon or (3) as the expres- 
sion of the aetimty of toxic or hemolytic forces upon red cells in the circu- 
lation This latter view, as noted above, agrees with our own 

The correlation of spherocytosis and mcreased fragihty has been 
commented upon by several groups of observers Thus Gansslen 
(114) m 1922 suggested that the sphencal cells of congemtal hemolytic 
icterus were more fragile because a sphere has the greatest volume 
for the least surface To reach osmotic equihbnum, the spherocyte 
wiU take up proportionately more water than the normal red blood 
cell, because of the already sphencal form, however, it wfil be less 
capable of accommodatmg an mcreased quantity of fluid and will 
therefore burst Ponder (275-277), m a senes of pubhcations, showed 
that the differences m the erythrocytic fragffities of vanous animal 
species could be correlated with their cell shape Haden (132) m 
1935 demonstrated the direct relationship between the spherocyte and 
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increased fragility and proved the dependency of resistance upon 
cellular thickness He worked out a simple formula for thickness 
and demonstrated the hnear correlation between thickness and cel- 
lular fragihty Castle and Daland (40) confirmed the work of Ponder 
and of Haden, and showed hy direct microscopic observation that 
“(a) hemolysis of a given type of erythroiyte is associated with the 
assumption of a spherical form m hypotomc plasmas (b) the more 
susceptible the erythrocyte to hypotomc hemolysis, the less hypotomc 
IS the plasma necessary to cause the assumption of a spherical form ” 
In other words, these observers showed that significant differences 
m the stnctly osmotic behavior of red cells did not east, but that 
differences m erythrocyte fragihty could be explamed entirely by 
differences m the form of the red cells 
Haden and most other observers have considered that the more 
fragile spherocytes of congemtal hemolybc icterus resulted from an 
improper formation of cells m the bone-marrow However, a few 
observers (205, 339) have commented upon the fact that followmg 
splenectomy, the cellular population changes matenally, and with it a 
dimmished fragihty ensues That there is for the most part an exact 
correlation between spherocytosis and mcreased fragihty cannot be 
demed, m fact it may be said that the degree of fragihty is simply 
another method of expressmg the degree of spherocytosis present 
We feel, however, that spherocytosis (and mcreased fragihty) is due, 
not to improper blood formation, but to the previous activity of a 
hemolytic factor Troisier (332) concluded that fixation of hemolysm 
to the red ceUs, with their resultant sensitiration was the cause of 
their mcreased fragihty Following the pubhcation of Troisier’s 
thesis (1910), Chauffard, Troisier, and Guand (49) m 1912 and Widal 
and Weissenbach (369) m 1913 described unusual cases m which not 
only was mcreased fragihty present but free hemolysins were dis- 
covered m the scrum In both of these cases, as the patient recovered 
the isolysms gradually became dunmished and the fragility test 
became normal These cases are quite comparable to Case 3 of our 
senes m which severe anemia, spherocj'tosis, mcreased fragihtj , and 
high titer of hemolysm were present, but as the patient recoicred 
all the vanous factors became norma! Our own chmeal and expen- 
mcntal observations have led us to the conclusion that mcreased 
fragility of the red cells is due to the previous action of vanous types 
of cxtrmsic factors upon mature non nucleated red cells 
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to be relatively normal In many of the reported cases, readings of 
beginning hemolysis at 50- 56 NaCl have been found 
Hamburger (143) showed that by the use of varymg dilutions of 
sodium chlonde with water, gradations m erythrocyte fragihty could 
be determmed Chauffard (43) was the first to put this laboratory 
findmg to important chnical use when he demonstrated that the red 
cells of the herechtary form of hemolytic jaunchce were abnormally 
fragile Widal and his collaborators (361) pomted out that it was 
advisable to use washed red cells m the test, particularly with the 
acquired cases, m which the erythrocyte fragihty rmght be only shghtly 
altered The abnormal fragihty of both forms of hemolytic icterus 
(cf Eppmger (102)) was taken for granted until Naegeh’s (245) 
msistence that spheroc 3 rtosis and mcreased salme fragihty were 
pathognomomc of the congemtal type This concept gradually 
spread until finally such observers as Haden (132-134), Thompson 
(327), and many others accepted Naegeh’s chctum that mcreased 
fragihty was the sitie qua non for the diagnosis of congemtal hemolytic 
icterus, and conversely that this findmg m any other conchtion was 
more apparent than real On the other hand, Meulengracht (229) 
stated qmte defimtely (1922) that mcreased salme fragihty was not 
pathognomomc of congenital icterus and descnbed cases of the ac- 
quired type with mcreased fragihty Furthermore, he stated that 
this symptom imght be considered either (1) as an inherited disturb- 
ance m formation (2) as a regeneration phenomenon or (3) as the expres- 
sion of the activity of toxic or hemolytic forces upon red cells in the circu- 
lation This latter view, as noted above, agrees with our own 
The correlation of spherocytosis and mcreased fragihty has been 
commented upon by several groups of observers Thus Gansslen 
(114) m 1922 suggested that the spherical cells of congemtal hemolytic 
icterus were more fragile because a sphere has the greatest volume 
for the least surface To reach osmotic equihbnum, the spherocyte 
wfil take up proportionately more water than the normal red blood 
cell, because of the already sphencal form, however, it wiU be less 
capable of accommodatmg an mcreased quantity of fluid and wiU 
therefore burst Ponder (275-277), m a senes of pubhcations, showed 
that the differences m the erythrocytic fragihties of vanous animal 
speaes could be correlated with their cell shape Haden (132) m 
1935 demonstrated the direct relationship between the spherocyte and 
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increased fragility and proved the dependency of resistance upwn 
cellular thickness He worked out a simple formula for thickness 
and demonstrated the hnear correlation between thickness and cel- 
lular fragihty Castle and Daland (40) confirmed the work of Ponder 
and of Haden, and showed by direct microscopic observation that 
“(a) hemolysis of a given t)^e of erythrocyte is assoaated with the 
assumption of a spherical form m hyp>otomc plasmas (b) the more 
susceptible the erythrocyte to hypotomc hemolysis, the less hypxitonic 
IS the plasma necessary to cause the assumption of a sphencal form ” 
In other words, these observers showed that significant differences 
in the stnctly osmotic behavior of red cells did not exist, but that 
differences m erythrocyte fragihty could be explamed entirely by 
differences m the form of the red cells 
Haden and most other observers have considered that the more 
fragfle spherocytes of congenital hemolytic icterus resulted from an 
improper formation of cells m the bone-marrow However, a few 
observers (205, 339) have commented upwn the fact that following 
splenectomy, the cellular population changes matenally, and with it a 
dumnished fragihty ensues That there is for the most part an exact 
correlation between spherocytosis and mcreased fragihty cannot be 
demed, m fact it may be said that the degree of fragility is simply 
another method of expressmg the degree of spherocytosis present 
We feel, however, that spherocytosis (and mcreased fragihty) is due, 
not to improper blood formation, but to the previous activity of a 
hemolytic factor Troisier (332) concluded that fixation of hemolysm 
to the red cells, with their resultant sensitisation was the cause of 
their mcreased fragihty FoUowmg the publication of Troisier’s 
thesis (1910), Chauffard, Troisier, and Guand (49) m 1912 and Widal 
and Weissenbach (369) m 1913 desenbed unusual cases m which not 
only was mcreased fragihty present but free hemolysins were dis- 
covered m the serum In both of these cases, as the patient recovered, 
the isolysins gradually became diminished and the fragihty test 
became normal These cases are qmte compiarable to Case 3 of our 
Mnes m which severe anetma, spherocytosis, mcreased fragihty, and 
high titer of hemolysm were present, but as the patient recovered, 
“1 the vanous factors became normal Our own chmeal and expen- 
rncntal observations have led us to the conclusion that mcreased 
i^ty of the red cells is due to the previous action of vanous types 
extrinsic factors upion mature non nucleated red cells 
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C Treatment 

An analysis of the various methods used m the treatment of this 
disease and of their results has already been given above It is the 
purpose of this chapter to discuss the proper utilization and rationale 
of these methods 

1 Transfimons a Transfusion is not always successful That 
transfusions are of distinct benefit in this condition has been abun- 
dantly shown In fact the conception has gradually developed that 
a dramatic response to a smgle transfusion of blood is pathognomomc 
Thus, if the patient fails to respond even to a smgle transfusion, the 
diagnosis of acute hemolytic anemia (so-called Lederer’s type) is held 
m question, this is most certainly true if several transfusions have been 
given and the patient, although receivmg temporary benefit, contmues 
his downhill course That some patients fail to respond quickly to 
one or two transfusions is brought out m several cases reported m the 
hterature, as noted above Although the discussion is apparently an 
acadermc one, it becomes exceedmgly practical from the standpomt 
of further therapy when transfusions have been shown to be valueless 
Thus, the patient’s condition may become so precanous m the course 
of waiting for a favorable result to ensue from transfusions that the 
hfe-savmg procedure of splenectomy might then be considered too 
dangerous to attempt If a successful splenectomy is earned out in 
the wake of an unsuccessful response to transfusions, the cnticism is 
made that one is deahng not with “Lederer’s anemia” but with 
hemolybe icterus of an atypical, acquired type or possibly with an 
unrecogmzed example of congemtal hemolytic icterus in cnsis Thus, 
m our first three cases one observer stated that they were examples of 
acute hemolytic icterus and not of acute hemolybe anemia! In Case 
4, another observer who had himself previously diagnosed the condi- 
bon as “acute hemolybe anemia of the Lederer’s type” felt that the 
failure of response to repeated senes of transfusions pomted to a hither- 
to unrecognized congemtal disease now m cnsis and requirmg 
splenectomy 

Our own concepbons are completely at vanance with these ideas 
Some cases are so mild as to respond spontaneously, others may im- 
prove with a smgle transfusion, sbU others require several transfusions, 
and a certain and not altogether small, percentage of cases require the 
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more serious procedure of splenectomy as an emergency measure The 
differences m response are, we feel, due simply to differences m seventy 
of the disease, the most severe examples requmng the most drastic 
treatment About the same situation holds true m thrombocytopenic 
purpura Mild cases may respond to transfusions or to some other 
form of medical therapy, that splenectomy is required m certam 
more severe cases does not imply that one is deahng with a different 
disease It is simply a difference m the degree of seventy of disease 
b Raiumalc of tramfusunis Lederer does not state his reasons for 
utilizing transfusions m his first three cases, although smce marked 
anemia of the apparently “permaous” type was present, the procedure 
seemed a rational one The response without sequelae was certamly 
dramatic and perhaps somewhat unexpected Smce the effect can 
only partially he explained on the basis of the shght increase in red 
cell count, the effect of mtroducmg normal serum must naturally be 
discussed Besredka (21) m 1903 demonstrated that normal human 
serum had an antilytic action and postulated a balance between lytic 
and anhlytic elements m the serum Clark and Evans (54) in 1920 
also found that normal serum has a constant protective action but 
that m hemolytic anenuas the protective action was markedly dunm- 
ished Josephs (172, 173) has recently extended these observations 
He found that in cases of sickle cell aneima and of erythroblastic 
anemia there was a defimte reduction of urobihn excretion followmg 
transfusion of either whole blood, blood plasma, or a serum extract 
He interpreted this result as mdicative of the presence of an antilytic 
agent m normal serum Our own findmgs are mterestmg m this 
regard In vitro studies of the hemolysm in Cases 2 and 3 demon- 
strated a marked antilytic activity of normal human serum 
Thus it IS not at all unlikely that the sudden mtroduction mto the 
body of normal human serum results in an mteraction of normal 
antilysms with either free or cellular lysms resultmg m either tern 
porary or permanent benefit The lack of effect of a single or several 
transfusions may readily be explamed m this manner i e either insuffi- 
cient antilysms are mtroduced or there is contmued lysm production 
mth only temporary benefit from transfusion In these cases, 
splenectomy is of value possibly because the chief lysin producmg 
organ is removed or normal blood destruction is diminished Further 
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studies await the isolation of an antilysin from the serum and its use 
m hemolytic anemia 

c. Tlte question of reactions to transfusions and use of specific types 
In Case 3 of our senes (Group B), a severe reaction with hemoglo- 
bmuna occurred when a transfusion was given from a Group 0 donor 
Reactions did not occur at previous or later transfusions when Group 
B donors were used, but agam occurred when another Group 0 donor 
was used In this case the most hkely explanation for the severe 
reactions probably lay m the use of a “umversal donor” for a case with 
fragile red blood cells Although Group O donors are theoretically 
always compatible because their red blood cells (without agglutmo- 
gens) are mcapable of bemg agglutmated (or hemolyzed) by the serum 
of the prospective reapients, it must be remembered that their serum 
contams both alpha and beta agglutinms Thus, when admimstermg 
blood from a Group O donor to a patient with severe anerma, aggluti- 
nation of a goodly proportion of the reapient’s cells might conceivably 
occur, particularly if the titer of the donor’s serum was somewhat 
higher than usual either m alpha or beta agglutinin (or hemolysm) 
This IS particularly true when transfusions are to be given to a case 
m which the red cells are more fragile than normal Here, the titer 
of agglutinins and hemolysms m the donor’s serum might be just 
sufficient to cause agglutmation or hemolysis of the recipient’s rela- 
tively few and already more fragile red cells m the circulatmg blood 

Sharpe and Davis (313) have recently warned of the dangers of 
giving transfusions to patients with acute hemolytic cnsis and acute 
hemolytic anemia, and even suggest that the procedure is too danger- 
ous for general use They report two cases m which severe reactions 
occurred when transfusions were given Unfortunately, the very 
important question of the blood groups of the patients and donors 
concerned is not mentioned This is the crux of the situation In 
SIX transfusions given m Case 1, eight transfusions m Case 2, ten 
transfusions m Case 3, and twelve transfusions in Case 4, reactions 
occurred on only three occasions, once m Case 2 and twice m Case 3 
In 3 recently observed cases of cnsis occurrmg successively m three 
members of one family with congemtal hemolytic jaundice, 3-5 trans- 
fusions were given m each case, agam without reactions Thus, not 
only was it not dangerous to transfuse these mdividuals, but the 
transfusions were of distinct, although temporary benefit, and an 
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absolute necessity as a pre-operative measure This record ws 
attamed because the simple precaution was always observed (after 
our eicpenence with Case 3 of this senes) to use blood from a donor 
of the same type as the patient Dependence upon simple tests for 
compatibihty and the use of “universal donors” not infrequently lead 
to severe reactions In severe anemia, particularly of the hemolytic 
type, m which fragile cells are usually present, we advocate the use of 
donors of the same type as the patient 'When this is done, several 
transfusions ran almost always be given with impumty * 

A rare cause for a transfusion reacbon m cases of acute hemolytic 
anemia is the reverse mechanism, that is, the serum of the patient 
may have such a high bter of hemolysin that the red cells of certain 
donors will be hemolyzed. This was jiossibly the case m one trans- 
fusion reaction of Case 2, and might have been partially responsible 
for the reactions of Case 3 This possibility is usually guarded agamst 

by testing the prospective donors’ red cells agamst the patient’s serum 
m the ordinary way Although this procedure is usually suffiaent 
and mdeed resulted m the discardmg of many prospecbve donors m 
Case 2, it is possible that hemolysis may only occur after 1-2 hours 
of incubation Failure to carry out the latter procedure may result 
m a delayed transfusion reaction Thus, m a case of acute hemolytic 
anemia it is necessary (a) to use blood from the same blood group (b) 
to be certain that the patient’s blood serum docs not contain hemoly- 
sins effective against a prospective donor’s blood cells It is, there- 
fore, recommended that both the shde and the test tube methods for 
testing compatibihty be utilized and that cross-matchmg of serum vs 
cells of both reapient and donor be made Furthermore, mcubabon 
of the patient’s serum with the prospecbve (and compabble) donor’s 
red cells for one hour should be performed before a final readmg is 
made 

It should also be remembered that parbcularly when deahng with a 
pabent of Blood Group A, new isolysms may be built up when several 

• Since wriUng thU dmpter, we have objerved three other caeea of acaU hemolytic 
anemia In which tevere tramlojlon reaction* occurred In the first (Group A) given 
•everal ttanjlnsioni ol Group A blood, hemolyilnj lor one of the subgroups ol A were 
spparently bufll up, In the second case (Group 0), death occurred when Group O blood 
■was given Since all the compatibility tests were negative, the eiplanatlon lor thb Is 
not dear (? allcigJc reaction) In the third case the presence of a strong panagghitinm 
made typing almost Impossible and tmmluslons very risky, one severe reaction resuited. 
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transfusions are given Temporizing with too many transfusions, 
particularly m an elderly person with a vulnerable circulation, may 
not only result m a senous and perhaps fatal transfusion reaction but 
m overburdenmg the nght side of the heart Subsequent splenectomy 
may thereupon prove fatal We beheve therefore that if 3 or, at most 
4, transfusions have not proved effective m controUmg the disease, 
the operation of splenectomy should be performed 

2 S-ple7iectomy The possible rationale for the use of splenectomy 
has already been discussed Whether splenectomy simply removes 
the largest smgle blood destro)rmg organ or the largest collection of 
hemolysin-producmg cells or does both at once, there can be no ques- 
tion regardmg the very effective results which are so quickly mduced 
by this procedure Our own cases show the lack of permanent effect 
of transfusions of blood and the dramatic and sustamed effect of 
splenectomy with a return to a normal blood picture ® To mamtam 
that since splenectomy was necessary m these cases, they were not 
examples of acute hemol 3 d;ic anenua (so-called Lederer type), seems 
absurd smce all the various catena were present except perhaps 
that of mildness of course We feel that it is necessary to perform 
splenectomy (a) when it has been adequately demonstrated that 
transfusions are only of temporary benefit and (b) before the patient’s 
reserves have been completely dissipated In Case 4, only through 
the admimstration of four series of transfusions (12 m all) without 
permanent effect was it possible to convmce vanous members of the 
family of the importance of domg splenectomy without further tem- 
ponzmg In the first three cases, the patient’s condition was either 
so critical or the disease so fuhrunatmg that further temporizing 
seemed madvisable Greenwald (126), m reportmg two cases of acute 
hemolytic anemia, makes this statement “Transfusion, while it acts 
as a specific m acute hemolytic anemia, is of httle benefit and perhaps 
even harmful when given dunng a cnsis to a patient suffermg from 
acholunc jaundice Obviously, spleuectomy, performed on a patient 
suffering from acute hemolytic anemia of the Lederer type, would be 
calamitous” (itahcs ours) Greenwald does not state why this is so 
“obviously” the case, nor is this brought out m the body of his article 
Emergency splenectomy is often a necessity m the acute hemolytic 

’ Two cases have recently been observed in which splenectomy was of only transient 
(4-6 months) benefit. One of these cases subsequently recovered upon removal of a large 
dermoid cj st of an ovary 
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cxisiB of the congenital cases As brought out above, no substantial 
difference exists between these cases and those with non congenital 
acute hemolytic aneima The treatment of both conditions should 
thus consist first of successive transfusions until the patient is either 
definitely improved or at least in better condition for splenectomy, 
this usually requires no more than 3 or 4 transfusions The patient 
should be watched mmutely for we have ourselves seen drops of 1-3 
miUion m red cell count withm a pcnod of several hours A case of 
acute hemolytic anemia (or cnsis) is as much of a medical emergency 
as one of diabetic coma, and the physician should be ahve to the 
possibihties of rapid hemolysis, possible transfusion reactions, and 
the possible need for emergency splenectomy It is only through 
knowledge of the senousness of the situation that it can be kept well 
m hand and dangerous sequelae avoided Acute hemolytic anemia 
IS not the mild disease which it has often been depicted As we have 
brou^t out above, several cases have died because this was not 
reahzed The summaty disregard of splenectomy as a therapeutic 
measure has m some cases, to use Greenwald’s word, proved 
"calanutous ” 

In the actual performance of the operation a surgeon should be 
selected who is both able and cognizant of the necessity for qmck 
removal of the spleen Surgeons seem to differ greatly m their 
abihty to isolate the organ and to remove it expeditiously Although 
rapid surgery is nowadays rather frowned upon, there can be no doubt 
that m this condition (and in fulmmatmg t^mbocytopcmc purpura) 
®pned 13 frequently of the essence * 

D Classtficalutn of tite Jiemolyttc syndromes 

Tor many years, the vanous hemoljdic syndromes have been classi 
fied as separate entities, the possibihty of their relationship either 
aedologically or nosologically having only rarely been discussed 
^^th mcreasmg knowledge of the physiology and pathology of hemol- 
ysis, this complete and unrelated separation should not long continue 
Rapid "deglobulization” may result m severe aneima, m which case 

* Our rtctnl opcrimce Indicates that aplenectomy may be a very serioua operation, 
P"™cqluiy In ti,j pjtijnt. If 3 or 4 tianafuskras have pro\ ed ineffective, one fa 

vith the necessity of baiancmg the danger of the operation against the otherwise 
•^certain fatal termination To continue transtuslona wUl usnaffy result in reactions 
overburdening of the circulation 
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been descnbed by ChaufEard and his collaborators It has been the 
custom m recent years to recognize only the first type, the “idiopathic” 
and “hemolysimc” varieties havmg either been forgotten smce 1915 
or their presence doubted Dawson (70), Meulengracht (228), 
Tileston (330), andfoUowmg them, many other writers have either 
doubted or arbitrarily disrmssed the acquired variety, although the 
concept of ‘T-ederer’s anemia” (merely an acute form of acquired 
hemolytic icterus) has been enthusiastically received In recent years, 
the classification offered by Thompson and Whipple of “typical” and 
“atypical” hemolytic jaundice has gamed ground The “typical” 
cases present a chrome history and acute exacerbations, spherocytic 
anemia, splenomegaly, prompt response to splenectomy, and per- 
sistence of spherocytosis after the operation The “atypical” group, 
admittedly heterogeneous, does not present spherocytosis or mcreased 
fragihty, an etiological factor may or may not be demonstrated, and 
splenectomy is said to be of no value Accordmg to these entena, a 
case with spherocytosis, even if an etiological factor is demonstrated 
(such as leukemia) must be considered to be “typical ” A “typical” 
case which does not respond to splenectomy (we have observed 3 
such cases), or one in which the spherocytosis and abnormal fragihty 
completely disappear after operation (Cases 3 and 4 m our senes) 
cannot be pigeon-holed The response of “atypical” cases (Cases 1 
and 2 m our senes) to splenectomy has been very gratifymg We 
beheve, therefore, that the classification “typical” and “atypical” 
IS of httle sigmficance and tends to becloud the issues which have been 
raised The words “congemtal” and “acquired,” on the other hand, 
have readily grasped meamngs without any underlymg imphcations 
such as the necessity for a certam blood picture or type of response to 
splenectomy We see no reason therefore for droppmg the designa- 
tion of acqmred hemolytic icterus (anerma) Our classification is 
thus 

A Congemtal hemolytic icterus (anemia) 

1 Chrome, with or without cnsis 

2 Subacute 

3 Acute (crisis) 

B Acquired hemolytic icterus (anemia) 

1 Secondary to known cause (infectious, chemical, 'Toxic” 
(pregnancy, etc ) 
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2 Symptomatic, maasoaafaon with certain, usually mabgnant 

diseases, as lymphatic leukemia, Hodgkm’s disease, cara- 
nomatosis 

3 Of unknown cause, with or without hemolysms m the 

serum. 

a. Chrome, with or without crisis 
b Subacute 
c. Acute 

d Acute fulimnating, often with hemoglobmuna 
Our studies have abundantly demonstrated that the picture of 
spherocytosis, mcreased fragihty, reticulocytosis, and response to 
splenectomy is not pathognomonic of the congemtal variety, but may 
be seen as well m the acquued type and may be reproduced expen- 
mentally Spherocytosis (and mcreased fragility) are, we beheve, 
the results of a reaction ujion the mature red blood cell of a lytic agent. 
The contention that spherocytosis must of necessity mdicatc heredi- 
tary or congemtal disease should be discarded 

SmaiAEY ANT CONCLUSIONS 

1 An analysis is made of the cases of acute, acquired hemolytic 
anemia, based upon personal observabon and a survey of the htera- 
ture. Parbcular reference is made to the subject of the possible 
rOle of hemolysms 

2 Scrum iso-hemolysms, at first of high bter, were repeatedly 
demonstrated m 2 of our first 4 cases A unique feature of the hem- 
olysm was its abEity to hemolyze cells of Group 0 and of its own 
blood group 

3 Transfusions of blood were of only temporary benefit m our cases, 
but splenectomy was followed by prompt recovery Of the 106 cases 
reported m the hterature, transfusions were given m 66 In 22 of the 
latter group (one third), they proved unsuccessful m arresting the 
disease Splenectomy was curabve m 20 of 23 cases m which this 
operation v?as performed 

4 The spleen showed one of three types of lesions (1) mulbplc 
areas of thrombosis and mfarcbon, (2) hisbotytic proliferation often 
with crythrophagocytosis and giant cell formaUon, (3) congesbon of 

the pulp The bone marrow showed extreme normoblasbc hyper- 
plasia. 
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5 A critical review of the literature indicates that acute, non- 
congenital (acquired) hemol)dic icterus (anemia) was first descnbed 
by Widal, Abrami and Brul6 and by Chauffard and his collaborators 
m 1901—1908 The latter descnbed cases (“hemolysmic icterus’’) 
m which hemolysms were present m the serum 

6 The mterrelationships of bihrubmemia, bihrubmemia with 
anemia, hemoglobmemia, and hemoglobmuna are discussed In 
hemoglobmuna there is such violent hemolysis that the immediate 
products of hemolysis cannot be converted to bihrubm 

7 At least four, possibly five different types of iso-hemolysms have 
been descnbed m the vanous hemolytic syndromes Similar syn- 
domes were experimentally reproduced by the use of a hemol 3 rtic 
serum immimologically comparable to that found m our climcal cases 
It is thus not improbable that hemolysms of vanous types and “dos- 
ages” are responsible for the vanous t 3 qjes of hemolytic diseases 

8 Studies of the bone-marrow and penpheral blood, together with 
the experimental evidence, show that spherocytosis and increased 
erythrocyte fragfiity are the end-results of the activity of hemolysins 
upon matiue red blood cells and not due to faulty production by an 
abnormal marrow 

9 The so-called macrocytic picture of certam cases of acute hemo- 
lytic anetma may be due to the presence of large numbers of poly- 
chromatophilic macrocytes (reticulocytes) quite distmct from the 
mature ortho chromatic macrocytes of pemiaous anemia The bone- 
marrow IS furthermore normoblastic, with none of the features of the 
megaloblastic bone-marrow of pernicious anemia Spherocytes are 
almost always present m the acute cases, their number depending 
upon the seventy of the case (i e , the rapidity of lysis) 

10 Acute hemolytic anemia is not the benign disease which it is 
usually depicted, nor are transfusions always curative Failure to 
recognize this may result m fatal termmation The possibihty of 
splenectomy as an emergency procedure should always be kept m 
mind and operation should not be delayed following the demonstration 
that transfusions have been of only transient benefit The almost 
immediate therapeutic effect of splenectomy m many cases is one of 
the most dramatic events m medical practice 

11 The benefiaal effects of transfusion may be due m part to an 



ACOTE HEMOtVnC ANEMIA 


311 


anti-hemolytic effect of normal scnim and not ehUrely to an increase 
in the red cell content of the blood 

12 The various hemolytic syndromes, both congemtal and acquired, 

may be classified as fulmmating (with hemoglobmuna), acute, sub- 
acute, and chrome Spherocytosis and increased fragihty may occur 
in both the congenital and acquired vaneties “Acute hemolytic 
anemia” is the acute vanety of acquired hemolytic icterus (anemia) 
This type is at tunes associated with the presence of hemolysins in the 
serum (“hemolysimc icterus”) The terms “hemolytic icterus” 
and “hemolytic anerma” are mterchangeable Because of the many 
prior descriptions, the eponym “Lederer’s” anemia appears to be 
unwarranted / 
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In the past few years there has been a rapid increase in the knowl- 
edge concerning plasma prothrombm These newer developments 
have resulted from work m many different, and often widely sepa- 
rated, fields, mdudmg physiology, chemistry, pathology, nutrition 
and therapeutics Of particular significance are (1) the develop- 
ment of methods for the quantitative determmation of prothrombm, 
(2) the discovery of the relation of the hver and a new accessory food 
factor, so-called vitamin K, to prothrombm formation, (3) the isola- 
tion and chemical identification of the new vitamm and (4) the apph- 
cation of these findmgs to the study and control of certam hemor- 
rhagic diseases In this review, an attempt has been made to sum- 
marize only those recent developments which relate to prothrombm 
and to vitamm K The older hterature on prothrombm has been 
summarized m the extensive reviews of blood clottmg by Wohhsch 
(262), Howell (137) and Eagle (93) 

PLASMA PROTHROMBIN PHYSIOLOGICAL CONSIDERATIONS 

Role of prothrofiibin in blood cloiiing 

The coagulation of blood mvolves a senes of complex chemical 
reactions m which a number of clottmg factors are concerned These 
factors mdude prothrombm, thromboplastm, calcium, thrombm, 
and fibrmogen, as well as a group of dottmg inhibitors, among which 
are plasma antithrombm, plasma antiprothrombm, and heparm 
To this hst onenught add a number of other dottmg substances which 
have been postulated by vanous workers from tune to tune, but none 
of which have been widely accepted 
Practically all workers m the field today adhere to one form or 
another of the thrombm theory of dottmg, that is, the plasma pro- 
tem, fibnnogen, is transformed into the fibnn dot by the action of 
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thrombin Thrombm is not preformed in the body, but develops 
only under speaal orcumstances, as m shed blood, by the mteraction 
of at least three substances calaum, prothrombm, and thrombo- 
plastin The calcium and prothrombin are both normally present 
in blood plasma, while thromboplastm, it is beheved, is furnished 
only by mjured tissues and by dismtegration of the formed elements 
of the blood, espeoally the platelets Clottmg thus can be desig- 
nated as a two-stage process 

(1) prothrombm 4- calaum thromboplastm > thrombm 

(2) thrombm -f- fibrinogen ► fibnn (clot) 

The thrombm theory of clottmg imphes that prothrombm is an m- 
dispensable factor m the coagulabon process Although this was 
mdicated by the older experiments of Morawitz and of Fuld and 
Spiro m 1904, this view, for several reasons, was not accepted by a 
number of investigators Loeb (ht by Silberberg (219)) and Mills 
and co-workers (176, 178) m particular have reported experiments 
which suggested that a tissue factor (“tissue coaguhn” of Loeb, 
“tissue fibrmogen” of Mdls) along with calaum would clot plasma 
fibrmogen directly, without the mtervention of prothrombm WTule 
not denymg the existence of the thrombm type of clottmg, a second 
clottmg mechanism was postulated — a type not requinng the pres- 
ence of prothrombm 

Recently several workers have mvestigated the "tissue fibrmogen” 
clottmg of Mills, but they have not been able to substantiate the 
findmg of a one stage clottmg mechanism Smith, Warner and 
Brmkhous (220) found that clottmg m a mixture of “tissue fibnno- 
gcn” (lung extract), calaum and fibrmogen was due to the presence 
of contammatmg prothrombm m the plasma fibrmogen or m the 
"tissue fibrmogen ” In their experiments, the lung from which “tis- 
sue fibnnogen” is prepared was first thoroughly perfused to remove 
all the blood, hence the plasma prothrombm The plasma fibrmogen 
was obtamed free of prothrombm by an adsorption techmque On 
addmg calaum to a mixture of these two preparations, no dotting 
occurred They conduded that the “tissue fibnnogen” is merdy a 
highly potent form of thromboplastm which contains traces of pro- 
thrombin, unless speaal precautions arc taken to remoie the latter 
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Quick (194) and Davison (87) have also investigated this problem, 
and have come to the same conclusion 

Fudis (118) and Fischer (112) beheve that prothrombm is a con- 
stituent, not only of plasma, but also of certam tissue protems, 
espeaally of skeletal muscle Thus, tissue prothrombm presumably 
could substitute for plasma prothrombm m dottmg The data given 
above conclusively mdicate that lung tissue freed of blood contams 
no demonstrable prothrombm Howell (137) has pomted out that 
residual blood may account also for the prothrombm found m muscle 
extracts by Fuchs and by Fischer Also, their test reagents may 
not have been completely freed of prothrombm Ferguson (98) used 
comeal and lens extracts to avoid the first of these difficulties Usmg 
carefully prepared fibnnogen, the eye extracts produced, with calaum, 
a very slow type of clottmg (as long as 1^ days) The significance of 
such long clottmg times may be questioned, m view of the fact that 
a prothrombm concentration of less than 0 01 per cent of that of 
plasma is suflfiaent to give clottmg m a few mmutes (45) Thus, 
the minute amounts of prothrombm which must have been present 
m Ferguson’s experiments may well have resulted from diffusion of 
prothrombm from the plasma or lymph, as he has pomted out (98), 
or possibly from contammation of fibnnogen or tissue with plasma 
prothrombm, m spite of the precautions taken 

The present evidence mdicates that prothrombm available for clot- 
tmg IS present with certamty only m plasma (and Ijmiph) Also, 
the necessity of prothrombm for dot formation appears to be well 
established Views to the contrary would seem to be due to diffi- 
culty m obtammg the dottmg factors m pure form 

This difficulty m isolatmg the dottmg factors also would seem to 
underhe a number of other divergent theones which have been 
evolved to explam the clottmg process These vanous theones 
have been discussed in several reviews of blood dottmg m the last 
decade (262, 137, 93, 183) and wiU not be considered here 

Converstan of prothrombin into thrombin 

1 Nature of the reaction The exact mechanism of the first, or 
conversion, stage of dottmg remams one of the most important 
unsolved problems m blood coagulation Many of the dottmg theo- 
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nes differ mainly in their explanation of this reaction Undoubtedly, 
the greatest obstacle to the complete duadation of this reaction is 
our mabihty to obtain prothrombin and thromboplastm m pure 
form The reaction may be influenced greatly by impunties in the 
preparations, particularly dottmg inhibitors, which may even mask 
the true character of the reacbon 

In general, two types of reacbon have been considered m the con- 
version of prothrombin to thrombm (a) an enzymic reacbon, m 
which the conversion is catalyzed either by thromboplastm alone or 
by thromboplastm m conjuncbon with calaum, and (b) chenucal 
combmabon of prothrombin with either thromboplastm or calaum 
or with both 

(a) Enzymic reacbon Morawitz ongmally termed the thrombo- 
plasbc factor “thrombokmase,” because he considered it an enzyme 
Little experimental support for this thesis has been forthcommg, 
however, and the data available are mainly mdircct Parbcularly 
important m this connecbon are the recent studies on the clotbng 
acbvity of trypsm Older experiments had mdicated that oxalated 
blood is dotted by trypsm (132) Similarly, Eagle and Etais (94, 
9S) found that trypsm m optimal amounts caused dotbng of dtrated 
plasma. From their studies with purified prothrombm (169) and 
ciystallme trypsm, they conduded that, m a mixture of these two 
preparabons, conversion to thrombm occurred, even m the absence 
of calaum Thus, trypsm apparently subsbtuted for both thrombo- 
plasbn and calaum m dotbng They state that ‘Tt is difficult to 
concave of so specific a phenomenon as the transformation of pro- 
thrombin to thrombm bemg effected by two wholly dissimilar mecha- 
nisms We thaefore suggest as a tentative workmg hypothesis that 
Ca plus platelets together constitute a proteolytic enzyme analogous 
to trypsin, which reacts with prothrombm to form thrombm ” Eagle 
(92) found that the dotbng action of certam snake venoms nch m 
proteolytic enzymes was due likewise to direct conversion of pro- 
thrombm to thrombm In these expenments, no direct study of the 
proteolytic acbvity of thromboplastm was earned out 
Mellanby (172) also conduded that the coagulation ofdecalafied 
plasma by trypsm occurred through the mtcrvention of thrombm 
In his expenments he used commeraal trypsm preparations and he 
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believed that dottmg resulted from the calaum contamed m the tryp- 
sm In more recent studies, Mellanby and Pratt (173) used activated 
fresh pancreatic juice and stable fowl plasma, i e , plasma to which 
no anticoagulant had been added Although the pancreatic juice 
coagulated the fowl plasma, no coagulation occurred if the calaum 
was first removed by oxalation In these experiments they mter- 
preted the dottmg action of trypsm as bemg due to hberation of 
thromboplastm from an mactive form normally present m fowl 
plasma Ferguson and Enckson (103) have re-exammed the ques- 
tion of trypsm dottmg From their data they beheve that trypsm 
by proteolysis acts to make not only thromboplastm but also calcium 
available for dottmg In this case, trypsm dottmg would have no 
beanng on the question of the en 2 ymic nature of the prothrombm 
conversion reaction per se 

For many years the possibihty had been considered that the mter- 
action of prothrombm plus calcium, without thromboplastm and m 
the absence of inhibitors, would result m thrombm formation, as 
suggested by Howell (137) Recently Mellanby (170) found that 
his potent and highly purified prothrombm preparation was converted 
slowly mto thrombm with calaum alone With thromboplastm 
the conversion was rapid Thus, it appeared possible that thrombo- 
plastm may merely catalyze the reaction, prothrombm plus Ca — > 
thrombm However, later mvestigations have mdicated that Mel- 
lanby’s prothrombm, although very potent, contamed sufl&cient 
thromboplastm to accoimt for the thrombm formation with calaum 
alone Eagle (92) prepared Mellanby’s prothrombm from plasma 
free of platelets, and hence free of the major source of thromboplastm 
The product was not converted to thrombm m the presence of cal- 
aum alone Mertz, Seegers and Smith (175) likewise have prepared 
a potent prothrombm which was not converted to thrombm m the 
presence of optimal amounts of calaum 

A number of mvestigators (93, 113, 123) have mdicated that throm- 
bm wiU catalyze the reaction, prothrombm— ^thrombm Such auto- 
catalytic activity would pomt to the enzymic nature of this reaction 
However, Astrup (35) recently has stated that the reaction is not 
autocatalytic In a simple quahtative experiment, usmg pro- 
thrombm solution mstead of plasma, he found that addition of pre- 



PLASMA PROTHROMBIN, VITAMIN K 


335 


formed thrombm did not influence the formation of thrombm from 
prothrombm 

(b) Chemical combmation In view of the data ated above, it 
appears unlikely that prothrombm and calaum react m the absence 
of thromboplastm to form thrombm (see also Ferguson (98)) 

Ferguson (99, 100) has suggested that all three of these clottmg 
factors mteract m the formation of thrombm It has been shown 
repeatedly that the amount of thrombm formed is directly propor- 
tional to the amount of prothrombm present, provided adequate cal- 
aum and thromboplastm are available for the reaction (90, 175) 
Ferguson’s recent experiments suggest, m addition, that the quanti- 
ties of both thromboplastm and calaum available are determinmg 
factors m the amount of thrombm formed He mfers that m the 
reaction a prothrombin-calaum-thromboplastm "compound” or col- 
loidal complex IS formed, at least as an mtermediate step m throm- 
bm formation 

Fischer beheves that m the conversion reaction there is first a non- 
specific denaturaUon of prothrombm by thromboplastm, followed by 
the umon of the denatured prothrombin protem with thromboplastm 
Fischer (112) has reviewed the experimental data on which this I 
theory is based The role of calaum m this reaction is not defined ' 
Recently Mertz, Seegers and Smith (175) have mvestigated the 
mtcrrelationship of prothrombm and thromboplastm in thrombin 
production In contrast to earher work, exact quantitative methods 
were employed m theu: expenraents Usmg speaally purified prepa- 
rations of prothrombm and thromboplastm, with physiologically 
optimal amounts of calaum, they found that prothrombm and 11 
thromboplastin both arc consumed m direct proportion to the amount \ ' 
of thrombm formed This would indicate a stoichiometnc reaction 
involving prothrombm and thromboplastm The weight ratio of 
prothrombm to thromboplastm used up m the reaction is approxi- 
mately 265 to 1 The preparafaons used were not completely pure, 
but cT'cn with a considerable inCTcasc m this ratio, it would still be 
relatively small m comparison to that of certam enzyme reactions 
in which the cnzjme is “inactivated” m direct proportion to the 
amount of substrate transformed For example, it appears that under 
optimal condmons not more than one mol of catalase is “macUvated” 
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for each 300,000 mols of Ha02 decomposed mto HjO and O 3 (calcu- 
lated from Morgulis’ data (180)) 

Thus, much progress has been made recently m the eluadation of 
the prothrombm conversion reaction The possibihty that thrombo- 
plastm IS an enzyme, at leeist of the traditional type, would appear 
to be eliminated The evidence that both prothrombm and thrombo- 
plastm are consumed m the reaction strongly pomts to a direct chem- 
ical mteraction At present, the role of calaum would appear to 
be least clearly understood 

2 Factors mfluenctng prothrombin conversion The rate at which 
prothrombm is converted to thrombm is known to depend upon the 
concentrations of thromboplastm and of prothrombm In normal 
plasma, the slow coagulation time is due to the small amount of 
thromboplastm available By greatly mcreasmg the thromboplastm, 
the dottmg time can be reduced to a minimum of a few seconds (see 
pp 341-343) Also, with a constant large amoimt of thrombo- 
plastm, the rate of thrombm formation is affected greatly by the 
prothrombm concentration (254) Calaum likewise is important, 
both small as well as excessive amounts decrease the speed of the 
reaction greatly In addition, Ferguson (101) has suggested that the 
total quantity of thrombm formed from a fixed amount of prothrom- 
bm may vary, dependmg on the concentration of calaum, cephahn 
and prothrombm m solution — the greater the dilution of prothrom- 
bm, the less the total amount of thrombm formed from a fixed quan- 
tity of prothrombm He suggested that only if 'this “dilution factor” 
is controlled, 1 e , only if the concentration of prothrombm m the 
first phase of dottmg is kept constant, wiU there be a constant rda- 
tionship between the amount of prothrombm and the amount of 
thrombm which can be formed 

Electrolyte concentration, pH and temperature hkewise are known 
to mfluence the prothrombm conversion reaction Very httle exact 
data are available concemmg their effects, however, probably because 
a study of the influence of these factors on the isolated first stage of 
dottmg mvolves a number of difiScult technical problems Many 
workers recently have been aware of the importance of these factors, 
and have kept them constant m their experiments Unless this is 
done, caution must be exercised m mterpretmg experimental results 
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Mellanby (169) has studied the influence of pH and temperature on 
the conversion rate of his purified prothrombm preparation A pH 
of 7 was found to be optunal for the formation of thrombm, although 
over a wide range on the alkalme side (to pH 9) thrombm formed 
readily At pH 6 the reaction was blocked completely In his ex- 
periments thrombm formed with equal rapidity at 35“ and 45°, but 
at lower temperatures (25° and 15°), the reaction rate was much 
slower (See also Ferguson (101) ) At 55°, the reacUon could not 
be studied satisfactonly because of the thermolabihty of thrombm 
There appear to be a number of additional factors which may 
affect the speed of the prothrombm conversion reaction One of 
these IS the specific "convcrtibihty” of the prothrombm Warner, 
Bnnkhous and Smith (253) have studied species differences m the con- i 
vertibihty of prothrombm With amounts of calaum and thrombo- I 
plostm which gave the shortest dotting time, they found that the ( 
conversion of prothrombm to thrombm m human or gumea pig plasma 
required two to four tunes as long as it did m dog or rabbit plasma. 

It was suggested that this slow prothrombm co nversion is unportant 
u^dSg mm_so susceptible to hemorrh^^diseases Whether the 
vanations m conversion speed are due to speaes differences in the 
prothrombm molecule or to unrecognized factors which mfluence 
the first phase of dottmg is unknown Owen, Hoffman, Ziffren and 
Smith (189) have observed pabents m whom a decrease m the plasma 
prothrombm was compensated for apparently by an increased con- 
vcrtibihty of the prothrombm Sch^nheyder (216) has considered 
the possibilitj of speaes differences m plasma prothrombm, but his 
data relatmg to this subject are by no means convmcmg, smee other 
differences, as, for example, speaes differences m thromboplastin, 
were not considered 

Another factor which is bcheved to influence the utilization of pro- 
thrombm m dottmg IS an mhibitor, so-called antiprothrombm 
Howell and Holt (138) bcheved from their studies with heparm that 
this substance acts directly as an antiprothrombm Many subse- 
quent mvestigators obtamed evidence which supported this findmg 
On the other hand, Mellanby (171), using his purified prothrombm 
preparation, showed that heparin did not influence the conversion of 
prothrombm to thrombm by calaum and thromboplastm Quick 
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(196) obtained similar results on addition of calaum to prothrombin 
prepared by carbon dioxide preapitation These findings suggested 
that the anticoagulant action of heparm was due only to the inhibi- 
tion of the second or thrombm phase of dottmg This would imply 
that, m blood made mcoagulable by heparm, the prothrombm is 
converted to thrombm, but that the thrombm is mactivated before 
it clots fibrmogen Yet Warner, Brmkhous and Smith (251) found 
that heparinized plasma contained a normal amount of prothrombm 
Further, this normal prothrombm value persisted for hours (48), 
a findmg which definitely mdicated that prothrombm conversion had 
been blocked by heparm These divergent results concemmg the 
influence of heparm on the prothrombm conversion reaction were 
explamed by the recent findmg of Brmkhous, Smith, Warner and 
Seegers (48) that a factor present m plasma or serum is required m 
addition to heparm for the antiprothrombic activity Astrup (36) 
has confirmed this observation This inhibitory activity probably 
should not be termed antiprothrombic, it could equally well be an 
antithromboplastic activity (102, 171) 

It appears unlikely that this particular inhibition of thrombm forma- 
tion IS the cause of the slow conversion of prothrombm m human and 
gumea pig plasmas, as an excess of thromboplastm ordmanly over- 
comes the inhibitory effect of small amoimts of heparm The im- 
portance of the inhibitory action of hepann-plasma factor m normal 
dottmg has not been detennmed, however 

Quanhtative detenmnaiim of ■prothromlnn 

Prothrombm has not been isolated m pure form, and relativdy 
httle IS known of its chemical composition The only means of recog- 
nizmg this dottmg factor is by its capacity to form thrombm, hence 
any method for the quantitative determmation of prothrombm must 
be an assay based upon thrombm formation 

1 Two-stage method for prothrominn determtnaUan (Warner, Bnnk- 
hous and Simtii) This method (221, 250, 251), first outlmed in 1934, 
utilizes the biphasic nature of the dottmg reaction and hence consists 
of two stages In the fiirst or prothrombm conversion stage, the 
prothrombin is converted completely to thrombm with an optimal 
amount of calaum and an excess of thromboplastm In the second, 
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or dotting stage, the amount of thrombm formed is measured by the 
tune required for the dottmg of a standard fibnnogen solution 
Notvathstandmg the fact that the exact reaction m the first stage 
of dottmg is not understood completely, it is -wdl established that the 
amount of thrombm formed under standard conditions is directly 
proporbonal to the quantity of prothrombm present Hence, the 
amount of thrombm formed is an exact mdei of the quantity of 
prothrombm ongmally present In the second stage, the dottmg 
time vanes with the amount of thrombm, the greater the thrombm 
concentration, the shorter the dottmg time One umt of thrombm 
has been defined as the quantity which will under standard conditions 
cause dottmg of 1 cc of a fibnnogen solution m IS seconds One 
umt of prothrombm is the amount required to form one umt of 
thrombm Normal human plasma contains approximately 300 
units of prothrombm per cc. 

In the performance of this assay, serial dilutions of plasma are 
made before the prothrombm is converted to thrombm m the first 
stage. That dilution which will give a final concentration of one unit 
of prothrombm per cc is determmed, and the dilution under these 
circumstances becomes an exact measure of the prothrombm umtage 
of the plasma Human plasma, then, must be diluted 300 times 
before it is of umtary concentration 

The prothrombm concentration of plasma may also be expressed 
m per cent of normal by companng the units of the unknown wijh 
those of a normal plasma For example, if a patient’s plasma con- 
tamed ISO umts of prothrombm per cc , the prothrombin concentra- 
tion would be so per cent of normal 

Plasma, as well as other prothrombm-contaming solutions, can be 
assajed readily by the two stage method However, if plasma is 
bemg assajed, it must first be defibnnated with thrombm Other- 
wise the fibrm clot, which would form dunng the first stage of the 
test, uould interfere with the measurement of thrombm m the sec- 
ond stage of the test. 

In this assay procedure all of the physico-chemical factors known 
to affect the prothrombm conversion reaction ore controlled Cal 
aum, thromboplastm, total electrolyte and colloid concentrations 
as well as pH and temperature arc kept constant Also, complete 
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conversion of prothrombin to thrombm is assured m the first stage 
of the test 

If the prothrombm of plasma is bemg assayed, it is possible that the 
antithrombm normally present m plasma will mactivate part of the 
thrombm before it can be measured m the second stage of the titra- 
tion procedure However, on dilution of plasma, its antithrombic 
activity becomes neghgible, and this factor appears to be of no prac- 
tical importance m the test Even m human plasma m which the 
prothrombm is reduced to one-fiith of the normal value, the plasma 
IS still diluted 60-70 times m this titration procedure If the anti- 
thrombm of plasma is abnormally high, as m strongly heparinized 
plasma, the plasma globulm fraction, which contams practically all 
of the prothrombm and very httle antithrombm, may be used m- 
stead of whole plasma (251) 

Stewart and Rourke (231, 232) have used a modification of the 
method of Warner, Bnnkhous and Smith for determmation of pro- 
thrombm The plasmas, both unknown and control, are diluted a 
fixed amount regardless of their prothrombm content Also, the 
mcubation period of the first stage is kept at a short, constant m- 
terval which is less than the time required for the complete conver- 
sion of prothrombm to thrombm They have constructed a senes of 
curves correlatmg prothrombm concentration with the clottmg time 
m the second stage Then, usmg standard conditions, the prothrom- 
bm concentration can be determmed directly from the clottmg tune 
This procedure has the theoretical disadvantage of not separatmg 
sharply the clottmg process mto its two phases, and any vanations 
m convertibihty of prothrombm would probably mterfere with the 
accuracy of the test However, m their work with prothrombm 
defiaency m patients, they apparently have obtamed rehable results 
by this procedure 

2 One-stage nietJwds for prothronibm determination Two methods 
have been developed They differ chiefly m that one requires oxa- 
lated plasma for the test, the other whole blood 

a Plasma prothrombin time {Quick) This method (160, 191, 
194, 197, 198, 203), first outlmed m 1935, consists simply of determm- 
ing the clottmg time of oxalated plasma at 37 5°C , after addition of 
an excess of thromboplastm and a fixed amount of calaum In a 
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plasma contammg a nonnal amount of fibnnogen, tie prothrombui 
concentration is the chief, although not the sole, variable afiectmg 
this accelerated clotting tune This prothrombm time should be 
distinguished from Howell’s prothrombm time (135), m which the 
quantity of thromboplastm was not controlled 
With a given thromboplastm preparation, the nonnal plasma pro 
thrombm time was found to be practically constant for each of the 
speaes tested Dependmg on the activity of the thromboplastm 
used, the prothrombm time of nonnal human plasma vanes between 
10 and 25 seconds If plasma is diluted to give prothrombm con- 
centrations between 5 and 100 per cent of nonnal, a curve can be 
constructed to express the relationship between prothrombm time 
and prothrombm concentration By use of such a curve, it is possible 
to mterpret the results of this test m per cent of the normal prothrom- 
bm concentration Recently Quick (200) has desenbed an empincal 
equation which may be used as a substitute for the curve 
The prothrombm time for plasmas contammg as Uttle as 60 per 
cent prothrombm is nearly the same as for normal plasma. For this 
reason, a normal prothrombm tune cannot be mteipreted to mean 
that the plasma contains 100 per cent prothrombm However, if 
prothrombm tunes are done not only on the whole plasma but also 
on the plasma after dilutmg two and even three tunes (159, 189, 
202), a dunmution m the prothrombm lc\cl can be determmed 
more accurately 

This method for dctermmation of prothrombin measures an ac- 
celerated clottmg tune which is made up, m part, of the prothrombm 
conversion time and, in part, of the tune required for the thrombm 
formed to react with the fibnnogen These two phases overlap, 
so that at the tune of clottmg, a large fraction of prothrombm has 
not yet been converted to thrombm (254) Thus, the use of an ac- 
celerated clotting tunc as an mdex of prothrombm concentration 
cannot depend on complete prothrombin conversion Instead, it 
depends upon the assumption that an exact raUo exists between the 
rate of thrombm formation and the prothrombm concentration 
However, it has been shown that the prothrombm conversion rate 
is variable, and is not dependent solely upon the amount of pro- 
thrombin present (see p 337) 
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Stewart and Pohle (235) have investigated the recalafication pro- 
cedure in the determination of the plasma prothrombm time Instead 
of addmg a fixed amount of calaum m the test, they varied the 
calcium over a wide range They observed that the shortest pro- 
thrombm time was obtamed if only 5-40 per cent of the usual amount 
of calaum were added Qmck (199) obtamed similar results Pohle 
and Stewart (190) found that the addition of an optimal amount of 
calaum gave a final concentration of plasma calcium of 8-13 mgm 
per cent They have advocated, as a routme, the performance of a 
senes of prothrombm time tests with each plasma, usmg varymg 
amounts of calaum Quick (199) beheves that this modification is 
unnecessary, however 

In aU of the experiments ated above with varymg calaum con- 
centrations, the total electrolyte concentration was not controlled, 
and with deaeasmg amoimts of calaum, the tomcity of the clottmg 
mixtures was deaeased also It is known that hypotomc mixtures 
dot more rapidly than isotonic ones, and the differences m clottmg 
times obtamed m these experiments may not have been due to cal- 
aiun vanations alone It does appear, nevertheless, that vanations 
m calaum are important, and that vanations do occur m the pro- 
thrombm test of Qmck In anemic blood, for example, the plasma 
hematocnt is high, and the oxalate content is correspondmgly low 
It would appear that the modification by Pohle and Stewart would be 
helpful m controlhng the calaum factor, but at the same tune it 
would seem desirable that the tonicity be kept constant 

Several factors aside from actual prothrombm concentration af- 
fect the plasma prothrombm tune Vanations m the convertibihty 
of prothrombm have been mentioned Heparm added to plasma m 
small amoimts (0 1-0 2 units per cc ) mterferes but httle with this 
test, but m larger amounts the prothrombm tune is greatly prolonged 
(2, 195) Also, bile salts m high concentrations (400 mgm per 
cent) were found to cause prolongation of the plasma prothrombm 
tune In lower concentrations comparable to that m the plasma of 
cases of obstructive jaundice, the bile salts did not influence the test 
(2) Pohle and Stewart (190) observed that the plasma prothrombm 
tune of normal plasma is shorter if the plasma is markedly hpemic 

b “Bedstde test” for prothrombin activity This test, descnbed m 
1939 by Ziffren, Owen, Hoffman and Smith (263), consists of nuxmg 
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fredily drawn whole blood with a fixed, large amount of thiombo- 
plastm and determining the clottmg time This test is a simplifica- 
tion of the plasma prothrombm tune, smce whole blood is used in- 
stead of plasma (cp 203) This ehmmates the difiSculties associated 
with recalafication, as mentioned above 
The results of this test are expressed m terms of clottmg activity 


Clotting activity (per cent) 


clotting time of normal control ^ 
clottmg time of patient 


As a measure of the exact quantitabve prothrombm level of the blood, 
this test has many of the objecbons of the plasma prothrombm tune. 
Smce the prothrombm tune is affected by so many vanables, the 
ongmators of the test did not advocate that it be used as an exact 
measure of the prothrombm level Nevertheless, a comparison of the 
results with the quanbtabve prothrombm level as determined by the 
two-stage test showed that it is a useful pracbcal clinical test, espe- 
aally m biliary tract disease 

The S-value of Schflnheyder (215) and the R-value of Dam and 
Glavmd (73) have been used as an mdex of prothrombm acbvity 
These values are based on a comparison of the amount of thrombo- 
plastin lequued to give a constant clottmg tune of plasma These 
methods appear to mvolve more assumpbons and the values ob- 
tamed seem to be related less mbmately to the plasma prothrombm 
level than m the case of the other one stage methods already de- 
scnbed 

It IS apparent from this discussion that the accurate measurement 
of prothrombm is both theorebcally and teduucally complex. Of 
the methods available, it appears that the two-stage method is 
based on the fewest assumpbons It has a wide apphcabdity for the 
detenmnabon of prothrombm, both m plasmas and m other pro- 
thrombm-contauung solubons Techme^y, it offers some diffi- 
culbes m the preparabon and storage of the biological reagents 
required for the test The one stage methods have the advantage of 
sunphatj , but they appear to be an mdex of prothrombm alone only 
under special arcumstanccs. 


Properties and punfication of prothrombin 
Plasma prothrombm is associated with the pseudoglobulm fracbon 
of the plasma protems Like the pscudoglobulins, it is salted out of 
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plasma between ^ and ^ saturation with (1SIH4)2S04 (56, 177) At pH 
5 3 the prothrombm is largely precipitated from diluted plasma (169, 
217) Also, it IS preapitated b}'^ mixing acetone with plasma (136) 
As tested with collodion and cellophane types of membranes, pro- 
thrombm IS non-dialyzable (56, 169, 217) It is adsorbed onto a 
number of colloidal preparations mcludmg Ca3(P04)2 (41), Mg(OH)j 
(120), A1(0H)3 (121, 193), and coUoidal starch (119) Prothrombin 
IS adsorbed also by passmg plasma through a Seitz filter (154) 

Plasma prothrombm m solution is thermolabde It is destroyed by 
heatmg plasma for | hour at 56°C In plasma kept at room tempera- 
ture, and to a less extent at 5°C , the prothrombm slowly becomes m- 
active In human plasma kept at 2°-5°C , the prothrombm is mam- 
tamed at a normal or nearly normal level durmg the first 5 days (153, 
232) Storage of blood for a longer penod leads to a progressive 
dedme m prothrombm activity However, at the end of three weeks, 
60 per cent of the prothrombm stdl remams if the temperature is kept 
at 2°-4°C (153) As judged by the plasma prothrombm time, the 
prothrombm m stored blood disappears considerably more rapidly 
(37, 153, 206) 

Rapid freezmg at low temperatures does not mjure prothrombm 
Plasmas frozen with hquid oxygen ( — 183°C ) (148) or sohd CO 2 
(— 78 5°C) (221) retam their prothrombm activity In fact, the 
prothrombm m frozen plasmas (—25° to —40°) is mam tamed at the 
ongmal level for weeks Freezmg thus offers a simple means of 
preservation of plasma prothrombm 

Many of the older methods for the preparation of prothrombm have 
been reviewed by Fuchs (118) Most of these methods jueld crude 
and weak preparations A simple procedure for obtammg an active, 
albeit crude prothrombm preparation is to bubble CO 2 through diluted 
plasma (1, 90) This preapitates prothrombm as well as mert 
globulin and fibrmogen The fibrmogen can be removed from the 
final solution by addition of a small amount of thrombm (1) or by 
heating momentarily at 56°C (90) 

The prothrombm preparation described by MeUanby m 1930 (169) 
was far more active per umt weight than any previously descnbed 
The prothrombm, along with other globulms and fibrmogen, is pre- 
apitated from diluted oxalated beef plasma at pH 5 3 The pro- 
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thrombin is then selectively dissolved from the globulm preapitate by 
bnef treatment with hme water The final preapitate, obtained by 
repreapitation at pH 5 3 and dried with acetone, is a white powder 
which IS apparently indefinitely stable It is insoluble in water, but 
13 readily soluble in weak NaiCOi solutions (pH 7) The more active 
preparations of MeUanby can be calculated to contam approximately 
75 units of prothrombm per mgm , i e , 1 mgm , after complete con- 
version to thrombin, will clot 75 cc. standard fibrmcigen solution m 15 
seconds The yield appears to be less than 10 per cent of the ongmal 
plasma prothrombm The difiBculty m t hi s method, as pomted out by 
MeUanby himself, lies m the removal of the prothrombm from the 
ongmal globulm preapitate by hme water Unless th i s step is care- 
fuUy controUed, a vanable, and many times, an impotent product is 
obtamed 

A prothrombm preparation, which is considerably more active than 
MeUanby’s product, was descnbed m 1938 by Seegers, Smith, Warner 
and Brmkhous (217) In this method the prothrombm, after pre- 
apitation from diluted plasma at pH 5 3, is adsorbed on Mg(OH)i 
jTheu the prothrombm is separated from the adsorbent by COj, 
foUowed by dialysis against water to remove a number of insoluble 
impunties The final product, which is water soluble, is obtamed as a 
dry powder by evaporation of the water Prothrombm prepared by 
this method contams ISO umts of prothrombm per mgm The yield 
IS about 12-15 per cent By a modification of the method of Seegers 
and coworkers, prothrombm has been obtained which contams ap- 
proxnnatclj 500 umts per mgm (Seegers, unpublished data) 

MeUanby (169) has shown that solutions of his prothrombm prep- 
aration are less thermolabile than prothrombm m native plasma 
Heating at OO^C for 5 mmutcs does not destroy the prothrombm, 
although it does alter it m some way so that it is converted more slowly 
to thrombm with calaum and thromboplastm This change m con- 
vertibility IS mote pronounced after heatmg at 100°C , and m addition 
part of the prothrombm is destroyed at this temperature 
Prothrombm is mactivated by trypsm (94, 95), by certam proteo- 
lytic snake venoms (92), and by purified thrombm solutions (174, 175) 
Although Fuchs and FaUienhausen (118, 121) believed that pro- 
thrombm and complement midpiecc were the same substance, this 
has not been borne out by recent work (93, 216, 261) 
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Prothroinbm content of plasma, species variations 

Human plasma from healthy adults contams about 300 umts of 
prothrombm per cc (253) The normal prothrombm level is re- 
markably constant, with but httle variation from mdividual to m- 
dividual (46, 198, 232, 253) No sex vanations m plasma prothrombm 
levels have been observed In mfancy the prothrombm level is sub- 
normal, this will be considered below, along with hemorrhagic disease 
of the newborn 

The same constancy m adult prothrombm levels has been found m 
all the species studied The relative amounts present m the plasmas 
of different speaes, as observed by Warner, Brmkhous and Snuth 
(253), are listed below The prothrombm level m dog plasma is 
arbitrarily set at 100 


Dog 

100 

Chicken 

50 

Rat 

95 

Turtle 

42 

Cat 

91 

Sea Bass 

31 

Rabbit 

89 

Stmgray 

27 

Human 

84 

Dog fish 

8 

Gumea Pig 

53 




If the prothrombm content of human plasma is determmed by the 
one-stage prothrombm time method, it is found to contam only about 
one-fifth as much prothrombm as does the plasma of dog, cat or rabbit 
(194, 198, 203), mstead of four-fifths, as mdicated by the two-stage 
method This discrepancy may be due to the relatively slow rate of 
prothrombm conversion m human plasma (253, 254), a factor which 
cannot be evaluated by a one-stage method of prothrombm determi- 
nation Another factor which makes mterpretation of comparative 
prothrombm values difficult is the possibihty of a speaes speofiaty 
in thromboplastm which nught affect the rate of thrombm formation 
as well as the completeness of prothrombm conversion (179, 194, 253) 
The prothrombm content of vanous plasmas, hsted above, mdicates 
that a gradual mcrease m prothrombm occurs from the lower to the 
higher vertebrates This mcrease is assoaated with the gradual 
evolution of the thrombm-fibrm dottmg mechanism In certam 
lower forms of annuals, fibrm dottmg is rudimentary, or entirely 
absent, and hemostasis is accomphshed largdy by agglutmation of the 
orculatmg blood cells (219) In the higher forms, the prothrombm 
content of the plasma is greater, and the better developed fibrm 
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clottmg mechamsm replaces in large part the agglutination process in 
hemostasis 

In mammals, the prothrombm is present m large excess over mim- 
mal needs for an effiaent clottmg mechanism (130, 197, 251) In 
dogs, for example, the prothrombm may be reduced to as httle as one- 
fifth of the normal level without the development of a hemorrhagic 
tendency or of a prolongation of the clottmg time or of the bleeding 
tune (130, 222) In man, this factor of safety is not so great, the 
plasma normally contains only somewhat more than twice as much 
prothrombm as is needed to prevent the development of a hemorrhagic 
tendency 

Although serum has been used m the past as a source of prothrom- 
bm, both for jn mtro and tn mvo use, it contains only a small and vari- 
able amount of this clottmg factor In shed blood, thromboplastm 
IS hberated and the conversion of prothrombm to thrombm starts 
immechately At the tune of clottmg, Warner, Bnnkhous and Smith 
(251) found that 8 per cent of the prothrombm was converted to 
thrombm After clottmg, the prothrombm contmues to be consumed, 
and at the end of 3 hours only 5 to 10 per cent of the ongmal pro- 
thiombm remams m the serum as a rule (44, 251) Traces of pro- 
ihrombm may stiU be present after the scrum has aged for many 
hours or even days 

Ongtn of frothromlnn 

A decade ago it was widely held that prothrombm is formed m the 
bone marrow, probably m the megakaryocytes, and that it is released 
mto the plasma from the platelets The experimental work dealing 
with the prothrombm content of platelets and bone marrow was re- 
viewed by Wbhbsch m 1929 (262) and by Howell m 1935 (137) 

A few years ago the question of the prothrombm content of platelets 
was studied agam bj Eagle (90) In expenments with thoroughly 
washed platelets, he was unable to demonstrate prothrombm m them 
except m one mstance, m which the trace of prothrombm found prob 
ably was due to incomplete washmg Ferguson (98) more recently 
was able to find only extremely mmutc traces of prothrombm m 
washed platelets Ferguson questioned the significance of such small 
quantities of prothrombm and stated that a platelet ongin of plasma 
prothrombm was mcompatiblc with his experimental findings Fur- 
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ther, but indirect, support of this thesis is given by the finding that m 
cases of thrombocytopenic purpura and aplastic anemia with marked 
reduction m the number of arculatmg platelets, the plasma contamed 
a normal amount of prothrombm (211, 232) 

Recent work on the source of prothrombm has all pomted to the 
hver Nolf, m 1908, and before him, Ansiaux and Corm m 1894 sug- 
gested that prothrombm (i e , thrombogen of Nolf) was formed m the 
hver (see Nolf (183)) However, no quantitative method was avail- 
able for the determination of prothrombm until a quarter of a century 
later, and this view largely was disregarded m favor of the platelet 
ongm of prothrombm 

Hepatic toxms, phosphorus, chloroform, and carbon tetrachlonde, 
and hepatectomy have been used m the recent studies of the relation- 
ship between the hver and plasma prothrombm The hver toxms 
have been used extensively as a means of producmg hver necroses 
With severe hver damage there commonly develops a hemorrhagic 
tendency due to a marked dimmution both m plasma fibrmogen and 
m plasma prothrombm Although the low fibrmogen m this condi- 
tion was recognized many years ago (89, 116, 256), it was not until 
recently that the importance of a low prothrombm m the production 
of this bleedmg tendency was appreciated Warner, Brmkhous and 
Smith (221, 251) first observed that at the height of the hver damage, 
the prothrombm, as well as the fibrmogen, was markedly decreased 
With regeneration of the hver, the prothrombm (221), like the fibrmo- 
gen (116), returned to normal levels More recently, Quick (198) 
has reported s imil ar results Smith, Warner and Brmkhous (221) 
found that m rmld chrome chloroform mtoxication, m which the hver 
damage is less marked, the plasma prothrombm still fell to a bleedmg 
level, while the fibrmogen was mamtamed at a normal concentration 
Agam, as the hver recovered, the prothrombm returned to normal 
At the time of spontaneous hemorrhage, the hver showed httle or no 
hemorrhage or fibrm formation — findin gs which suggest that pro- 
thrombm consumption was not mcreased These experiments with 
experimental hver mjury mdicate that a normal or nearly normal 
function of the hver is essential for the mamtenance of the plasma 
prothrombm level 

Further support of the conclusion that the hver is concerned with 
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prothrombin formation is fumidied by hepatectomy eicpenmcnts 
Warner (249) found that, foUowmg partial hepatectomy m rats m 
■which 60-75 per cent of the hvcr was removed, there resulted a 
profound fall m the plasma prothrombm and at times fatal hemor- 
rhage Loss of as much as 70 per cent of the prothrombm -was ob- 
served 6 hours after operation The hver regenerated completely m 
10-21 days, durmg which pcnod the prothrombm level returned to 
normal Control operations not mvolvmg the hver showed clearly 
that excessive prothrombm consumption was not the cause of the 
dedme 

Warren and Rhoads (255) found m completely hepatectomized 
dogs a reduction m the plasma prothrombm, as mdicated by plasma 
prothrombm times In these experiments, the dedme m plasma 
prothrombm was marked 6 hours postoperativdy Andrus, Lord and 
Moore (29) have obtamed similar results following hepatectomy m 
dogs The immediate and profound fall m prothrombm foUowmg 
hepatectomy is shown m the data from one of their experiments 
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Dam, Gla-vmd, Lewis and Tage-Hansen (76) exduded the hver 
from the orculation m geese, but they found no e-vidence of a blecdmg 
tendency, even m an animal that survived 26 hours Instead, thej 
found an unprovement m the dotting power of the blood as indicated 
by then R-'value determinations No data concemmg prothrombm 
content of the plasma are given, however 

The data which have accumulated recently thus mdicatc that (1) 
platelets contam little or no prothrombm and that they arc not con- 
cerned with the origin of plasma prothrombm, and that (2) experi- 
mental injurj to or removal of the hver results m a profound decrease 
m plasma prothrombin, and that regeneraUon of the liver foUowmg 
mjuiy or partial removal results m a return of the prothrombm to 
normal Icicls From this it maj be conduded that the liicr is es- 
sential for the mamtenance of a normal plasma prothrombm Ici'el 
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VITAIIIN K 

Discovery of vitamin K and its relationship to prothrombin formation 

In the five years from 1929 to 1933 a hemorrhagic chick disease was 
observed, apparently mdependently, m a number of laboratones (63, 
64, 134, 163, 164) In most cases the findmg was an mcidental one, 
noted m the course of experiments m which chicks were fed punfied 
diets low m fats The first such observation, by Dam (63), occurred 
m the course of studies on cholesterol metabohsm In 1931, while 
stud3ang the effect of vanous protems on chick growth, McFarlane, 
Graham and HaU (163) similarly noted spontaneous hemorrhages m 
their chicks Similar findmgs were noted by McFarlane, Graham 
and Richardson (164) m their work on the fat-soluble vitamm require- 
ments of the chick It was considered ongmaUy that the hemorrhagic 
syndrome was due to scurvy, despite earher reports that chicks are able 
to synthesize vitamin C Cabbage, known to be rich m vitamm C, 
cured the hemorrhagic tendency (134) However, m later studies, 
scurvy as well as other known vitamm defiaenaes were ruled out 
Vitamin supplements, consistmg of large amoimts of lemon juice (64), 
ascorbic aad by mouth or subcutaneously (65, 78), cod liver oil (65, 
78, 134, 163, 164) and wheat germ oil (66, 67), all failed to prevent the 
development of hemorrhages m chicks fed the punfied diets Cook 
and Scott (60, 61) beheved that the hemorrhagic symptoms were the 
result of mtoxication by certam nitrogenous bases present m fish meals 
which were part of their punfied diets This findmg could not be con- 
firmed by other workers (7) It was first suggested by Dam m 1934 

(65) that this was a new dietary deficiency disease and his suggestion 

(66) m 1935 that the defiaent antihemorrhagic factor be called vitamm 
K (Koagulations-Vitamm) has been adopted generally 

The defiaent diets which caused the hemorrhagic chick disease were 
low m fats However, the first defimte evidence of the fat-soluble 
nature of the vitamm is found m the early work of McF arlane, Graham 
and Richardson (164) They noted that the fish meal used m their 
basal diet prevented the development of hemorrhages unless it had 
been extracted by ether Later Ahnquist and Stokstad (22) showed 
that fish meal and yeast, both of which form large parts of many of the 
hemorrha^e-producmg punfied diets, contam traces of the vitamm 
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This has led to the ether extraction of these substances before their 
incorporation m the basal diets used for the production of the disease 
The fat soluble nature of the vitamin vras shown conclusively by Dam 
(65, 67) and Ahnquist and Stokstad (21, 22), who obtamed concen- 
trates of the vitamin from natural sources by ether extraction 
Following the recognition of the hemorrhagic chick, disease as a 
nutnbonal disorder, the relationship of this new dietary factor to blood 
dottmg soon was established McFarlane, Graham and Richardson 
(164) and Schjinheyder (214) both observed that chicks with the 
hemorrhagic disease have a prolonged clotting tune Schfinheyder 
(215) first suggested that the hemorrhagic tendency is the result of a 
hypoprothrombmcmia. Quahtativc studies of a number of clottmg 
factors revealed no abnormahty, and, by exclusion, a low plasma pro- 
thrombm was suspected Defimte evidence pomtmg to a lowered 
prothrombm level was obtamed by Dam, Schffnheyder and Tage- 
Hansen (81) m 1936 Crude prothrombm preparations were obtamed 
from normal chick plasma by acetone preapitation and by acetic aad 
preapitabon Added to a mixture of K-avitammous chick plasma 
and thromboplasUc muscle extract, the prothrombm preparations 
corrected the clottmg defect On the other hand, sunilar preparations 
from K-avitammous duck plasma were without effect. Also, addi- 
tion of a watery emulsion of a vitamm R. concentrate to the plasma- 
thromboplastm mixtures failed to restore the dottmg time to normal 
From this they conduded that the dottmg abnormahty was due to a 
low plasma prothrombm level, and that vitamm K itself did not 
possess prothrombm activity 

A more exact study of the prothrombm m hemorrhagic chick disease 
was made by Quick (197) He followed the plasma prothrombin 
tune m ducks fed a vitamm K-defiaent diet The progressive fall m 
prothrombm is shown m the followmg data selected from his expen- 
ment 
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A distinct hemorrhagic tendency appeared when the low prothrombm 
levels were reached Both the low prothrombin and the hemorrhagic 
tendency were cured by feedmg vitamm K (alfalfa meal) 

The first definite evidence that m amm als may develop a vitamm K 
defiaency was shown, not as m chicks, by exclusion of the vitamm 
from the diet, but m conditions m which the absorption of this fat- 
soluble vitamm is mterfered with because of absence of bile m the 
mtestme In such conditions there develop a hypoprothrombmenua 
and eventually a bleedmg tendency which are cured by administration 
of vitamm K This was shown first m rats by Greaves and Schmidt 
(128) m October 1937, m man by Warner, Bnnkhous and Smith (252) 
m January 1938, and m dogs by Smith, Warner, Bnnkhous and Seegers 
(222) m June 1938 Other ma mm als have not been studied The data 
connected with these and similar studies will be considered below 

Hemorrhagic chick disease 

Much of our knowledge concemmg vitamm K has resulted from a 
study of the deficiency m chicks The cure or prevention of hemor- 
rhagic duck disease is the basis of the methods for assay of this vita- 
mm, without which the rapid advances m the chemistry of this vitamm 
would have been impossible Also, much of the available data con- 
cerrung the metabohsm of this vitamm has come from a study of this 
duck disease 

Hemorrhagic duck disease is characterized by subcutaneous, mtra- 
muscular and mtemal hemorrhages, prolonged bleedmg from mmor 
abrasions and a delayed clottmg tune, all the result of a low plasma 
prothrombm Ansbacher (31) has made an analysis of the sites of 
superfiaal hemorrhages m a large senes of deficient chicks The 
abdomen was the most frequent site (23 8 per cent) Other common 
locations m his senes were legs, shoulders and wmgs The hemor- 
rhages were located either subcutaneously or mtramuscularly Both 
Dam and Schj!{nheyder (78) and Ahnquist and Stokstad (22) have 
stated that trauma is important m determining the occurrence and 
site of hemorrhages 

From studies of the plasma prothrombm level m hemorrhagic duck 
disease, it appears that hemorrhages do not occur until the prothrom- 
bm has dedmed to approximately 10-15 per cent of normal (197, 
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244) In the development of the disease, the appearance of hemor- 
rhages IS preceded regularly by a prolongation of the clottmg time (31) 
The studies of Tidnck, Joyce and Smith (244) mdicate that the clot- 
tmg time IS delayed only if the prothrombm level has dechned to 
less than 30-40 per cent of that of normal chicks Thus, early m 
the course of the disease when the vitamin defiaency is less severe, the 
plasma prothrombm may be reduced considerably and the clottmg fame 
still be normal It would appear that plasma prothrombm determma 
faons are essential if any but the more severe grades of defiaency are to 
be detected 

In the production of this disease it is essential that the diet be 
thoroughly freed of vitamm K The presence of very small amounts 
of the vitamm wdl prevent the development of a severe defiaency 
Satisfactory diets have been devised by Dam and Sch^nheyder (78), 
by Dam (67), and by Ahnquist and Stokstad (22) Almquist and 
Stokstad showed, as mdicated previously, that both fish meal and 
yeast, which comprise a large part of many basal diets, contain traces 
of the antihemorrhagic factor This led to the ether extraction of 
these substances before then mcorporation m the diet Although 
Dam and Sch^nheyder (79) found that the vitamm is extracted more 
completely from foods with acetone or 99 per cent alcohol than with 
ether, the latter has been used most commonly m the preparation of 
K.-defiacnt diets The diet finally used by Ahnquist and Stokstad 
(23) and widely adopted by other mvesfagators consists of 


Etljer eibacted fish me»l 17 5 p»rU 

Ether eitiacted dried brewer’s yeast 7 5 parts 

NsO, with small amounts oE CuSOt and FeSO, 1 0 part 

Codllr-eroll 1 Opart 

Ground poHshed rice 73 0 parts 


This diet must contam very httle vitamm K, smcc Almquist (7) has 
noted the hemorrhagic disease m chicks on this diet as early as the fifth 
day after hatchmg Nevertheless, a certain number of chicks failed 
to develop hemonhages or prolonged dotting times durmg a four- 
week penod on the diet (19) Ansbacher (31) carefully reciammed 
the diet for traces of vitamm K He observed that if the fish meal of 
the diet were extracted contmuously with ether for seven days, a 
severe defiacnej disease resulted more uniformly In a group of 4321 
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ducks, over 95 per cent developed hemorrliages after bemg on the diet 
for 15 days or less 

The vitamin is synthesized by bactena, and hence bactenal growth 
m the basal diet must be prevented if the diet is to remam K-free 
This apparently was observed first by Halbrook (quoted by Ahnquist 
and Stokstad (22)) It was found that if fish meal or nee bran were 
moistened before mcorporation m the basal diet, the disease did not 
develop This was true even if the fish meal were extracted with 
ether before bemg moistened Evidently the bactenal growth pro- 
duced enough yitamin K to prevent the development of the disease 
(22) Ahnquist, Pentler and Mecdu (20) isolated from putrefymg 
fish meal a stram of bactena which on growth developed abundant 
amounts of the vitamin In fact, putrefymg fish meal was used sub- 
sequently by Osterberg (188) and MacCorquodale, McKee, Thayer 
and collaborators (155, 165, 242) as a potent source of vitamin K 

An outgrowth of these same observations on the production of the 
vitanun m putrefymg fish meal was the discovery by Ahnquist and 
Stokstad (23) that the vitamm is present m the feces, even if the chicks 
are kept on a vitamm K-free diet for a long penod of time Smee 
feces of chicks havmg the disease contam vitamm K, the production 
of the vitamm must be m the lower part of the mtestme, too low for 
absorption Because of the vitamm K content of the feces, copro- 
phagy must be prevented if the disease is to be produced successfully 

Even if carefully prepared basal diets are used and coprophagy is 
prevented, the seventy of the disease and the age of onset of hemor- 
rhages stiU appear to depend on certam other factors The possibihty 
of changes m vitamm K requirements with varying growth rates has 
been suggested by Almqmst and Stokstad (22) In the early expen- 
ments with vitamin K defiaency, it was noted that the more rapid the 
growth, the more severe the disease (22, 134) Also, after the age of 
two weeks, chicks with hemorrhagic symptoms occasionally survived 
and showed no further hemorrhagic symptoms, even though they were 
contmued on the K-defiaent diet (22, 25) In a large group of chicks, 
Ansbacher (31) observed no “cures” of this type, however No ex- 
periments have been reported m which the vitamm mtake and growth 
rates were correlated with plasma prothrombm levels 

Another factor, also suggested by Ahnquist and Stokstad (23), 
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which influences the development of the disease is the difierence in 
vitamin K resen'es in newly-hatched chicks If hens were fed on 
diets contaimng large amounts of alfalfa meal, nch m vitamm K, 
their eggs gave chicks which were more resistant to the development 
of the disease than normal controls The transmission of the vitamm 
13 apparently through the yolk, smce yolk supplements to the basal 
diet protected against development of the chick disease, while egg 
albumen supplements did not These stores m chicks on defiaent 
diets are apparently exhausted at the end of two weeks Sea- 
sonal vanationa m the vitamm reserves of chicks probably occur, 
as green plants are the most potent food sources of the vitamm This 
would explam the observations of Thayer and assoaates (242) that 
the chick defiaency disease is most severe m the late wmter and early 
spring months, and of Tidnck, Joyce and Smith (244) that normal 
chicks have a higher prothrombm level m the summer than m the 
late fall 

Even if the factor of varymg reserves is controlled, mdividual varia- 
tions m the susceptibihty of chicks to the defiaency have been re- 
ported (19) The nature of these vanations has not been determmed 
The possibihty of refection, as m certam vitamm B experiments, has 
been pomted out (77) Although bile aads are important m the 
absorption of the vitamm, their admmistrabon failed to erase these 
mdividual differences (19) In this work, prothrombm determma- 
tions were not made It is possible that if this were done, many of 
the seemmg differences m susccptibflity to the defiaency disease might 
disappear 

Smce so many factors influence the production of the disease, it is 
not surpnsmg that a severe grade of defiaency was not produced 
uniformly m the earlier stages of the work on vitamm K, and that some 
workers were unable to produce the disease at all (62) 

In chicks with vitamm K defiaency, a number of other abnormal- 
ities aside from the clottmg disturbance have been observ ed Gizzard 
erosions (22, 78, 134) and anemia (60, 63, 78) were noted early m the 
stud> of hemorrhagic chick disease There was a question for some 
time whether or not the gizzard changes were an integral part of 
vitamin K defiaency Although it was observed repeatedly that 
man> chicks with hemorrhage did not have gizzard erosioni, and vice 
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versa, Dam, Sch^nheyder and Lewis (80) considered that erosions 
were as good a criterion for the identification of the disease as the 
presence of hemorrhages Almquist (7), however, considered the 
gizzard lesions as separate from the disease, and m 1938 (10) he dem- 
onstrated that large doses of vitamm K did not protect agamst their 
development, although the dotting defect was prevented completely 

Divergent results have been obtamed as to the basis of the anemia 
m hemorrhagic duck disease It is not completely dear whether the 
anemia is secondary to the hemorrhages, or whether it is due directly 
to the vitamm K defiaency Thayer and collaborators (243) found 
low red cell counts and low hemoglobm levels m defiaent chicks 
Although hemorrhages were not ruled out as the cause of the anemia, 
they observed complete return of both the erythrocyte coimt and the 
hemoglobm to normal levels after 3 days treatment with a potent 
vitamm K concentrate Almquist (7) and Almqmst, Mecdu and 
Klose (19) state that they have observed repeatedly a normal hemo- 
globm levd m chicks with a greatly prolonged dottmg time but 
without hemorrhages 

Dam and Glavmd (73) observed that some of their chicks on a 
vitamm K-deficient diet developed encephalomalaaa similar to the 
dietary encephalomalaaa descnbed by Goettsch and Pappenheimer 
(122) However, it would appear that these central nervous system 
lesions are not due to the vitamm K deficiency Goettsch and 
Pappenheimer (122) and Mason (161) found that feedmg of alfalfa to 
chicks on the encephalomalacia-producmg diet failed to prevent the 
development of the encephalomalaaa 

The response of defiaent chicks to vitamm K has been studied by 
many workers Dam, Glavmd, Lewis and Tage-Hansen (76) studied 
the relative effectiveness of various routes of administration of a 
potent vitamm concentrate of alfalfa Intravenous mjection was 
found to be more effective than subcutaneous or mtramuscular m- 
jections By the mtravenous route, the vitamm concentrate corrected 
the dottmg defect at the earhest 3J hours after mjection By the 
mtramuscular route, daily mjections for 2-3 days were required as a 
rule Subcutaneous mjection of an emulsion of the vitamm concen- 
trate was without effect, but by usmg a vitamm K concentrate pre- 
viously heated with deoxychohc aad and m water solution, a response 
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was obtained in one day Almquist and Klose (13) studied the utdi- 
zation of one of tbe pure compounds having vitamm K activity — 
phthiocol — and found it to be eflecbve whether given mtravenously, 
mtramuscularly or by mouth 

Ansbacher (30) has studied the rate of response following mtro- 
duction of the vitamin directly mto the crop With a minim al effec- 
tive dose, the clottmg time of a deficient chick was reduced from over 
30 minutes to 6 mmutes or less m 6 hours If a very large dose were 
given, a response was noted m as few as 2i hours Tidnck, Joyce and 
Simth (244) also studied the rate of response to vitamm K, usmg 
prothrombm levels of the plasma instead of clottmg times to deter- 
mme the response to the vitamm In 18 hours one microgram of the 
vitamm preparation (2-methyl-l ,4:-naphthoqumone) was suffiaent 
to restore the clottmg tune of a defiaent chick to normal, i e., to raise 
the prothrombm level to 30-40 per cent of normal Eight tunes this 
amount was required to bnng the prothrombm level to normal, 
however If a shorter test penod were used, still larger amounts of 
the vitamm were required to ehat the same prothrombm response. 

Assay of vtiamin K 

The methods for assay of vitamm K are based on the prevention or 
cure of vitamm K defiaency m chicks The cntena used for the 
detection of the disease have vaned with different mveshgators and 
with the same mvesbgator from tune to time OngmaJJy the presence 
of hemorrhages was accepted as the measure of defiaency Only the 
most severe defiaenaes are detected by this overt symptom, however 
and we now know that hemorrhages result only when the prothromhm 
level has fallen to about 10-15 per cent that of normal chicks (197 
244) Later on, a prolongation of the blood dotting tnne was used by 
many workers Although whole blood dottmg time has been used 
widely as a measure of defiaency, yet a moderate defiaency maj enst 
and the dottmg time be normal It is prolonged onh if the nro- 
thrombm leve’ nkn.it ^n m . P 

duck (244) 
used S-values 
defiaency I 
required to gii 


e JT / ““t Uiat of the nonnal 

Schd^eyder (215) and later Dam and Glavmd (73) 
^d R-yalu« respcctivd) to mdicnte the extent of die 
hese values de^d upon the amount of fhromboplasUn 

e a constant dottmg tune of 3 mmutes DndoubtS 
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the values obtained are influenced by the prothrombin level, but as 
Dam and Glavmd (74) have mdicated, changes m other dottmg factors 
mfluence the results Ahnquist and Klose (14) recently adopted a 
prothrombm time measurement which is undoubtedly a great im- 
provement over the dottmg time tests In view of the findmgs of 
Tidnck, Joyce and Snuth (244), the use of the two-stage method for 
prothrombm determination would appear to give an even more ac- 
curate mdex of vitamm K defiaency 
The assay methods may be dassed as preventive and curative A 
preventive method has been employed extensively by Almqmst and 
coworkers for several years In the method first descnbed by Ahn- 
quist (4), the test substance was added to the basal diet m varying 
levels and that level determined which prevented the appearance of 
gross hemorrhages in four weeks Ahnquist and Stokstad (25) used 
a similar procedure except that they used normal whole blood dottmg 
time as the cntenon of prevention rather than absence of hemorrhages 
The test matenal was mixed with the basal diet and fed to newly- 
hatched chicks until the age of two weeks, when the dottmg tune 
determmations were made Deficient control chicks had a dottmg 
time varymg from 8 mmutes to over 30 mmutes Them results are 
expressed as the level of test substance per kilo of diet which will 
prevent the devdopment of the disease Later Ahnquist, Mecdu 
and Klose (19) observed that more uniform results were ob tamed if 
aU the chicks were fed on the basal diet alone for one week Then 
supplements of the test substances were fed for the second week, at 
the end of which tune whole blood dottmg tunes were determmed 
Simultaneously other groups of chicks were fed supplements of a 
reference standard, that is, an extract of alfalfa meal nch m vitamm 
K Then the amount of vitamm K m the unknown test substance 
was expressed m terms of the alfalfa reference standard This modi- 
fied procedure is no longer a stnctly preventive method, smce the 
chicks undoubtedly develop a moderate defiaency durmg the first 
week when they are fed only the basal diet This assay procedure was 
revised agam m 1939 (14) when a modified prothrombm tune on whole 
oxalated blood was used mstead of whole blood dottmg tune In 
mdividual chicks the prothrombm tune was found to be a more re- 
hable index of the defiaency than the whole blood dottmg tune 
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Almquist and Klose (14) observed that tbe reaprocal of tbe pro- 
thrombin time was directly proportional to the log of the vit amin K. 
concentrate given per kilo of diet From this empirical relationship, 
they determmed from a very few feedmg tests the vitamm K activity 
of an unknown material m terms of the standard alfalfa preparabon 
Many of the pure vitamm preparabons are macbvated readily by 
exposure to hght and by other means Hence, m these assay pro- 
cedures m which the test material i5 mixed with the basal diet, there 
is the possibihty that the vitamm will m part be macbvated before 
feeding, with a correspondmg error in the assay value (15, 16, 17) 

A large number of curabve procedures for the assay of vitamm K 
have been devised The first curabve method was described by 
Schfinheyder m 1936 (215) In this procedure, 35 day old chicks, on 
the defiacnt diet for 3 weeks, are given the test substance daily m 
tablet form for three successive days The defiaencj' and its cure is 
recogniied by detemunabon of the so-called S- or "sickness” value, 
which IS based on the relabve amounts of thromboplasbn required to 
give a 3 mmute clotUng bme with carefullj collected stable chick 
plasma The Schjfnheyder unit of vitainm H is defined as the smallest 
daily dose per gram of chick which will correct the clottmg defect m 
3 days Dam and Glavmd (73) modified Sch^nheyder’s ongmal 
procedure m certam respects They express the dotbng capaaty of 

the blood as an R-value R ■= — , where K equals the concentrabon 

Kn 

of the thromboplasbn required to give a 3 mmute clottmg bme of the 
test animal’s plasma diluted half with Rmger’s solubon, and where 
K„ IS the thromboplasbn concentrabon required to give the same 
dotbng bme for diluted normal chick plasma For normal chicks, 
R equals 1, while for K.-avitammous chicks it may be 150 or greater 
The Dam Glavmd unit is defined as the minimum amount of ntamm 
fed pet gram body weight of duck per day for 3 successive days which 
will reduce to normal an R-value of 75 or higher A standard spmach 
preparation contammg 500 vitamin K. umts per gram is fed as a 
reference standard Both Schffnhcyder’s method and the Dam and 
Glavmd modificabon are very laborious, smcc, to obtain the stable 
plasma required for the dotbng studies, arterial blood must be col- 
lected carefully from sc\ eral chicks 
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A second curative assay method for vitamm K is the one devised h 
Thayer, MacCorquodale, McKee and Doisy (241, 242) Groups o 

10 or more deficient chicks, fed on the basal diet for approximately tw( 
weeks, are given the test material directly mto the crop on 3 successiv 
days, and on the fourth day the dottmg time is determmed The] 
have defined a imit of vitamin K as that amount which will reduce thi 
dottmg time to 10 mmutes or less m 50 per cent of a group of defiaen 
birds To keep the unit constant, corrections are made for possibL 
variations m the response of different groups of chicks to vitamin K 
Each lot of chicks used is tested with a reference standard of vitamu 
K This procedure was later modified (242) so that only a single dosi 
of test substance was given, and the dottmg tune determmed 18 hour 
later Comparative assays by the two methods reveal that with th( 
18-hour test the umtage of a given vitamm K preparation is only aboui 
75 per cent of that determmed by the 3-day test Usmg this IS-houi 
assay method, Binkley and associates (40) found that as few as two tc 
four chicks could be used at each dosage level for the rapid determma- 
tion of the approximate vitamm K umtage of an unknown preparation 

The third curative assay method is that of Ansbacher (31) H( 
made especially comprehensive studies to obtam chicks with a umfonc 
vitamm K defiaency The material to be tested for vitamm K i£ 
dissolved m a mmimal volume of cod hver oil — larger amounts of the 

011 mterfere with the activity of the vitamm — and is mtroduced di- 
rectly mto the crop of a defiaent chick Six hours later the dottmg 
tune is determmed Six mmutes is used as a normal tune A imit oi 
vitamm is defined “as the Tmmmiim amount necessary to render the 
blood dottmg tune of the vitamm K-defident duck, weighmg 70 to 
100 gm , normal withm 6 hours after administration The test 
substance is fed m different dosage to several groups of five or more 
chicks to detemune this minim um level Recently Ansbacher, Fem- 
holz and MacPhiUamy (34) showed that certam of the more complex, 
pure vitamm K preparations requue a longer tune for utilization by 
the chicks If an IS-hour mstead of a 6-hour test penod is used, a 
more accurate mdex of the vitamm K potency is obtamed 

The fourth curative assay procedure for the detemunation of vita- 
mm K IS that of Dann (85) Groups of approximately 20 defiaent 
chicks are given varymg levels of the test matenal orally for 3 sue- 
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cessive days Then dottmg tunes are determined At the same 
tune another group of defiaent chicks is treated with a standard 
vitarmn K concentrate prepared from alfalfa This standard has been 
assigned arbitrarily a value of 5000 vitamm K units per gram, and 
by comparing the results obtamed by feedmg the unknown and the 
standard, the vitamm K umtage of the test material is determined 
No adequate experimental data are available from which one can 
correlate exactly the vanous umts of vitamm K Although several 
identical preparations have been assayed by two or more methods, 
numerous discrepanacs are observed The foUowmg are compara- 
tive values which must be considered only as rough approximations 
These comparisons were made from the work of Dam (68), Ansbacher 
(31), Almquist and Klose (17), Thayer and coworkets (242), Karrer 
and Geiger (144) and Dann (86) 

1 Ansbacher umt »= 20 Dam Glavmd units 
1 Tbayer-Doisy unit >= 30 Dam Glavind units 
1 Dann unit = 25 Dam Glavind imits 

100-150 Thayer-Doisy units per kilo of diet are protective by the 
method of Almquist, Me<xhi and Klose (19) 

IVith the discovery of pure naphthoqumone compounds possessing 
vitamm K activity, it was suggested by Thayer and coworkers (238) 
that one of the simplest and most potent of these, 2-methyI-l ,4- 
naphthoqumone, be adopted as a standard m duck assay work, and 
all other matenals be expressed m terms of the activity of 1 imcro- 
gram of this compound This would simplify considerably the 
mdrvidual umt systems used at present by vanous mvestigators 
Almquist and Klose (17) used this procedure m their assay of vitamm 
Ki, 2 mcthyl-3 phytyl-1 ,4-naphthoqumone Accordmg to Thayer 
and assoaates (242), vitamm Ki contains 1000 Thayer-Doisy umts 
per milhgram This is equivalent to approximatdy one-fourth 
milbgram of 2 methyl-1 ,4-naphthoqumone (17, 104) 

The possibihty of a chemical means of detennmmg vitaimn K 
activity was suggested by the discovery of a color reaction for vitamm 
K by Dam, Karrcr and coworkers (69) ITtamm K isolated from 
alfalfa ga\e on mixmg with sodium alcoholate a charactcnstic color 
rcacUon The chemical nature of this color reaction has been studied 
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by Fieser, Campbell and Fry (111), Riegel, Schweitzer and Smith 
(207) and Almquist and Klose (18) Almqmst and Klose (12) re- 
ported that the quantity of pigment formed m this color reaction 
IS proportional to the vitamm K activity of the concentrate How- 
ever, Femholz, Ansbacher and Moore (105) could not confirm this 
They obtamed m the course of purification studies on vitamm K an 
mactive matenal which gave a strong color reaction and an active 
matenal which gave a very feeble color reaction From these ex- 
periments, It appears that this chemical test will not give an accurate 
mdex of vitamin K activity 

Chemtsiry of vtiamm K 

1 Properties, Early m the study of vitamm K it was observed 
that the antihemorrhagic factor is extractable from natural sources 
by fat solvents Early attempts at isolation of the vitamm showed 
that it was not m the sterol fraction of the hpids (22, 67) Lichtman 
and Chambers (ISO) have described a sterol preparation from hver 
with vitamm K activity, but this findmg has not been confirmed 

Saponification of the vitamm concentrates with alkah resulted m 
destruction of a large part of their activity, even m the cold (4, 79) 
In addition to bemg alkah-labile, the vitamm was found to be m- 
activated by hght Exposure to sunhght destroyed the vitamm 
activity of alfalfa concentrates withm 2 hours, although m artifiaal 
hght (500 watt lamp) no destruction was observed m 24 hours (6) 
However, the activity of pure or nearly pure preparations of the 
vitamm from natural sources is destroyed both by artifiaal hght and 
by sunhght m a few hours (155) The vitamm m concentrates of 
alfalfa or of hog liver fat resists heatmg up to 120° for 24 hours The 
vitamm is destroyed by oxidizmg agents, strong aads, and AlCUj 
and m reactions which ehmmate ethylemc linkages (145) The 
vitamm is adsorbed on a number of materials, mdudmg calaum 
sulfate (68), weakly aadic fullers’ earth (207), activated carbon, 
permutit, and decalso (synthetic zeohte) (40) Elution of the vit amin 
can be accomphshed with certam solvents, such as petroleum ether 
Almquist (5) noted ongmaUy that crude preparations of the vitamm 
can be concentrated by molecular distillation 

2 Purtficahoii of mtamin K FoUowmg the discovery m 1935 by 
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Almquist and Stokstad (22) that alfalfa meal is an excellent source 
of the Yitamin, this material has been used extensively m the prepara- 
tion of concentrates of the vitamin By makmg use of certam prop- 
erties of the vitamin in a senes of purification procedures, mainly 
differential solubihty, chromatographic adsorption and elution, and 
molecular distillation, m vanous combmations, successively more 
potent concentrates, as detennmed by chick assaj^s, ivere prepared 
from alfalfa, until finally the vitamm vms isolated m pure form The 
first preparation from alfalfa, nch m vitamm K, was made by Alm- 
quist m 1936 (4) By distillation, a yellow oil, very nch m anti- 
hemorrhagic activity, was obtamed (5) Concentrates by improved 
methods and usually with greater potency were obtamed by Almquist 
(9), Dam and Lewis (77), Riegel, Schweitzer and Smith (207), and 
Dam, Karrer and coworkers (69) 

Attempts were made to crystallize the vitamm from potent but 
unpure concentrates by Almquist (8, 9) and by Thayer and collabora- 
tors (240) In 1937, Almquist (8, 9) obtamed colorless crystals 
from solutions cooled to a low temperature with solid carbon dioxide. 
At higher temperatures, the oystallme material formed an oil, but 
the exact meltmg pomt was not determined When added to the 
basal diet this oil prevented the development of hemorrhagic chick 
disease at a level of 2 mgm per kilogram of diet This work has not 
been confirmed, and the crystalline matenal has not been compared 
to the known pure vitamm which, smee then, has been isolated and 
synthesized In 1938, Thayer and coworkers (240) reported the 
isolation from alfalfa of a crystallmc preparation with a meltmg pomt 
of 69° and an extremely high vitamm activity Later, however, 
they were unable to repeat this work (40, 155) 

In attempts to purify further the vitamm concentrate, Almquist 
and Klose (11) reported the preparation of a vitamm K-choleic aad, 
which they beheved was a molecular compound of the vitamm with 
dco^chohc aad A crystalline material with a meltmg pomt of 
186 -187°C was obtamed Chick assays mdicatcd it contamed about 
10 jKt cent vitamin K. However, Riegel, Schweitzer and Smith 
(207) and Binkley and coworkers (40) were unable, m their experi- 
ments, to obtam such a compound with vitamm K activity 
Apparently the first practically pure vitamm K. preparation isolated 
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from alfalfa was reported by Dam, Geiger, Elarrer, Karrer, Rothschild 
and Salomon m January, 1939 (69) This was a clear yellow oil 
which contamed 20 million Dam units per gram, or approximately 
75,000 times more per unit weight than dried alfalfa Thus this 
preparation was many times more active than the concentrates pre- 
viously described McKee (165), BinMey (39, 40) and collaborators 
obtamed a similar highly potent oil from alfalfa, which possessed 
many of the properties of the oil reported by Dam, Klarrer and co- 
workers Binkley and assoaates (40) obtamed the vitamm isolated 
from alfalfa m crystals m the form of yellow rosettes by coohng to 
low temperatures The meltmg pomt was about — 20°C This 
preparation had a potency of approximately 1000 Thayer-Doisy 
units per mgm 

In the sprmg of 1939, it became apparent that more than one 
compound possessed vitamm K activity MacCorquodale (155), 
McKee (165) and coworkers reported two distinctly different com- 
pounds with very high vitamm activity These were isolated from 
alfalfa meal and from putrefymg fish meal respectively They called 
the vitamm from alfalfa vitamm Ki, and the vitamin from fish meal 
vitamm Kj This tenmnology has been adopted widely, although 
Karrer and Geiger (144) have suggested another term for vitamin 
Ki, a-phylloqumone 

In a surpnsmgly short tune foUowmg the isolation of vitamm Ki 
from alfalfa, its structure was identified and the compound was syn- 
thesized Durmg the earher work with impure vitamm concentrates, 
certam chemical properties had been observed which mdicated some- 
thmg of the composition of the vitamm Aimquist’s data (6, 9) 
mdicated that it was a complex cychc unsaturated compound, mainly 
hydrocarbon m composition and free of mtrogen The presence of 
ethylemc linkages was mdicated by the work of Klose, Ahnqmst and 
Mecdn (145) Although they were not dealmg with a pure substance, 
the freezmg pomt depression of camphor mdicated a molecular weight 
of about 525 (145) Analyses of the oil isolated by Dam, Karrer 
and assoaates (69) showed it to be composed of only carbon, hydrogen 
and oxygen, with two atoms of oxygen per molecule From the 
absorption spectra, the labihty to hght and alkali , the yellow color, 
and the hydrogenation reactions, it was suggested first by McKee 
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(165), Binkley (39) and assoaates and later, apparently independ- 
ently, by Karrer and Geiger (144) that vitaimn K.i had a quinoid 
structure That a quinoid structure was probably correct was in- 
dicated in June, 1939 by the report of Almquist and Klose (13) that 
a known quinone, 2-niethyl 3-hydroxy-l ,4-naphthoquinone (phthio- 
col), had vitamin K activity That this compound as well as many 
others with the basic structure of 1 ,4-naphthoqumone3 have vitamin 
K activity was confirmed very soon by a number of workers (15, 
32, 109, 110, 239) 

For the final eluadation of the structure of vitamm Ki, Doisy and 
assoaates (38, 156, 157, 158), Almquist and Klose (16, 18), and Fieser 
and assoaates (106, 107, 108, 109, 110, 111) are responsible From 
a review of the hterature on the chemical and physical properties of 
vitamm Ki, i e , adsorption spectra (39, 69), elementary analyses 
(69), hydrogen uptake (165), sensibvity to hght and alkah, color, 
resistance of its diacetate to alkahne hydrolysis (39), Fieser and 
associates (109, 111) postulated that the structure was that of a 

2.3- dialkyl 1,4-naphthoqumone Hydrogenation eiqienments m- 
dicated that the side cham had one double bond A naturally oc- 
curring alcohol, phytol, would satisfy this requirement, and with 
one or two methyl groups, the empincal formula would be satisfied 
The structure then was suggested to be a 2,6(?)-dimethyl 3 phytyl- 

1 .4- naphthoqumone or the 2 mono-methyl compound From the 
study of less complex models, Fieser, Campbell and Fry (111) favored 
the latter structure On the basis of a study of degradation products 
of vitamm Ki, MacCorquodale and coworkers (156) simultaneously 
reached a very similar conclusion, differmg only m the identity of the 
radical (ethyl) m the 2 position Further study of degradation 
products by Binkley and collaborators (38) mdicated that vitamm 
Ki is 2 methyl 3 phytyl-1 ,4-naphthoqumone (see fig 1) The final 
step m the proof of the structure of vitamm Ki was the synthesis of 
the compound m three separate laboratones practically saaultane- 
ously (Almquist and Klose (16), MacCorquodale and associates 
(157, 158), and Fieser (106, 107, 108)) The natural and synthetic 
products had the same phydeal and chemical properties and approxi- 
mately the same antihemorrhagic acUvity This comparison with 
the sjTithcUc product showed condusively that the structure of the 
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o 

Phthiocol (2-methyl-3-hydroxy-l,4-naphthoqiunone) (vitamin Kj) 

0 



O 


2-Methyl-l,4-naphthoquinone (vitamin KO 
riGUKE 1 

* Data recently reported by Binkley, McKee, Thayer and Doisy (Proc., Am Soc. 

Biol Chem., Mar 1940) indicate that vitamin Kj is a 2-methyl-l ,4-naphthoqumone hav- 

mg in the 3 position an unsaturated hydrocarbon side cham contaimng six double bonds 
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vitamin isolated from alfalfa was 2-inetliyl-3 phytyl-lj^-naphtho- 
qumoiie 

The data of Ansbacher, Femholz and MacPhiUamy (34) suggest 
that 2 methyl-3-phytyl-l,4-naphthoqumone may be only one of 
several vitamm K compounds present m alfalfa extracts This is 
mdicated by variations m the rate of utilization of synthetic vitamm 
K-i and alfalfa concentrates as well as by their purification studies 
with chromatographic adsorption 
Vitamm Kj was isolated from putrefying fish meal by MacCorquo- 
dale (155), McKee (165, 166) and collaborators by methods similar 
to those used for the isolation of vitamm Ki This vitamm com- 
pound was obtamed as hght yellow ciystalhne plates with a meltmg 
point of 53 5°-54 5'’C The potency of vitamm Kj is 60 per cent 
that of vitaimn Ki, i e , approximately 600 Thayer-Bois} umts per 
mgm Although vitamm Ks has been isolated, its structure has not 
been identified The data of McKee and coworkers (166) mdicate 
that It also is a 2,3-disubstituted-l,4-naphthoqumone Fieser and 
coworLers (109, 111), on the basis of the chemical and phyacal prop- 
erties reported by McKee and assoaates (165), postulated the struc- 
ture 2 ,3-difaniesyI-l ,4rnaphthoqumone (sec fig 1) Famesol is a 
naturally-occumng unsaturated complex alcohol known to be present 
m certrdn fidi oils m the form of di famesyl (squalene) 

3 Synthetic amfounds imth mlamm K actmty Almquist and 
Klose, m June 1939 (13) reported the first completely identified form 
of vitamm K This compound is phthiocol (2 methyl-3-hydroxy- 
1 ,4-naphthoqumone) (fig 1) and might be termed vitamm Kj In 
contrast to many vitamm K preparations, this compound is slightly 
soluble m water A 0 2 per cent buffered solution was found to 
be effective m cunng K-defiaent chicks when given by mouth, mtra- 
muscularly or mtmvenously Phthiocol was recognized ongmally 
by Anderson and Newman m 1933, several years before its vitamm K 
activity was suspected (27) It was isolated from the acetone fraction 
of tubercle baalli It forms yellow prismatic crj'stals which melt 
at 173°-174°C and which give deep red, water-soluble salts with 
bases Synthesis has been accomplished by a number of methods 
(26, 28, 182) 

Almquist, Pentlcr and Mccchi (20) demonstrated in 1938 that 
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cultures of tubercle baoUi possess vitamm K activity Smce phthiocol 
was isolated onginally from tubercle bacilli, it appeared that phthiocol 
was a third naturally occumng vitamm K However, Fieser, Camp- 
bell and Fry (111) have suggested that it may be an alkalme cleavage 
of vitamin Ki or a homolog, smce the isolation procedure used by 
Anderson and Newman (27) mvolved a saponification step 

Another s 3 Tithetic naphthoqumone which has been studied ex- 
tensively IS 2-methyl- 1,4-naphthoqumone (fig 1) or vitamm EU 
The vitamm K activity of this compound was reported simultaneously 
by four different groups of mvestigators (IS, 32, 110, 239) In the 
ongmal reports there was marked discrepancy between the various 
groups as to the vitamm K potency of this compound Subsequent 
mvestigations (16, 17, 106, 238, 245) mdicate that this compound is 
extremely potent and that it is even more active than vitamm Kj 
This high activity was recognized by Ansbacher and Femholz (32) 
m their ongmal report Subsequently they reported (104) that 0 5 
microgram is equivalent to one Ansbacher umt In comparison, 
th^ found that 2000 micrograms of phthiocol contam one Ansbacher 
unit of vitamm K Like a number of other vitamm K compounds, 
2-methyl-l,4-naphthoqumone is unstable unless speaal precautions 
are taken It is very shghtly soluble m water, and m solution, its 
vitamm K activity is impaired markedly by sterilization with steam 
at 15 pounds pressure for 30 mmutes (114) Phthiocol, treated 
similarly, retams its activity 

Many of the synthetic compounds which have been tested for vita- 
mm K activity, mdudmg vitamms Ki, Ks, and Ki, are hsted m table 1 
Most of the active compounds are basically 1,4-naphthoqumones or 
the correspondmg hydroqumones A few, however, are not The 
simplest compound with vitamm K activity is 2,5-(hmethyI-benzo- 
qumone (phlorone) (33) Many of the 1,4-naphthoqumone com- 
pounds are mactive Often relatively mmor changes m the 
substituent groups of very active compounds of this type may com- 
pletely elimmate then vitamm K activity Thus, 2-methyl-l,4- 
naphthoqumone is very active, the 2-ethyl compound shows much 
less activity, and the 2-propyl compound is mactive (fig 2A) 
2,3-Drmethyl-l,4-naphthoqumone is moderately active, but the 
isomer, 2, 6-dimethyl-l,4-naphthoqumone IS mactive (fig 2B) Also, 
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TABLE 1 

Vitamin K Activity of NapUhagttlmmts and Certain Other Compounds 


I Active cacopw m di 


1 1 PhtUecol (I'Caelhyl*^ 1 lOm^m perkc diet effective AlmqQlst ud KIom (13) { 


hydray l 4 niplithcK (19) 
qolnose) (vIUiqIb Ki) 20 bi^ perkc dletcffccthre 
(14): eqatvekot to 2TO cn 
atukdetd elUU* per gm j 

1 otto, a 2 Thayer Dolly | 

Ulltt I 

Len tbio 1 mgm * 1 Aia> I 
btcher onlt 

20 ptfTw. per kg diet effective I 
(14) eqalvtleot to 187 gm. 1 
lUodard alfOU pa gm. i 

2 ngm. » 1 Aftsbecher mdt 


2 2 Methyl 1 4*iiaphtho* 
qolw (vittmb Si*) 


i I^ithylO-phytyl 1 4 
“PtUwqelaactt (tIU- 


1 mgm. •> 15 Dion units 
I 20 mgm per kg dkt effective 
I (14): eqolvsleat to435 gm 
stsodsrd ilislU per gm 
Od mkroenuB •• 1 As^«chef 
onlt 

$ mgm daily doe loc 2 days 
enntlre (Thayer method) 

1 mgm 10 lliayer Delay 
unlu 

2-1 mgm per kg diet effective 
(14) eqalrtlent to 3150 gm 
standard al/aUs per gm 
1 mkrogram curative la It 
hours (modified Ansbacher 
method) 

1 ago ■■ 1050 Thayer Doby | 
aolta 

1 mkrogram euratlva (modi | 
fied Ansbacher method) 

0.5 mkrogram 1 Ansbacher 
unit 

Imgm equlvaleat to3>0gDs 
ataadard alfalfa 
1 mgm V 2500 Dana un)ta 
OJ mgm. per chkk cnratlva j 
la few boon 

2~4 mkrograma curative 
(modified Aatbtcber pro* 
cedart) I 

1 mgm. equivalent to &1 gm. 

standard alfalfa 
About 7J mkrograma i 
Auhacher onlt 
1 ngm. M 750 Dann nnHa 


Almqntst and Klose (15) 


Thayrr and asaodates 

ow 

A nabs da tr and Fenaholx 
(32) 

Almqalit and Klota (13) 


Femhoh and Ansbacher 
(IW) 

Dann (85) 

Almi^ulst and Elose (15) 


Ansbacher and Femholi 
(32) 

Kuhn and asaodatca 

(H9) 

Thayer and aaaodates 
(239) 

Aloqulat and KJoac ( 16 ) 


Thayer and aasodstes 
(238) 

TlihleT and Saapoon 
(745) 

FemhoU and Ansbadttr 
(104) sdth MacFhlh 
Isay (34) 

Ahnq^t and dote (f 7) 
Dann (13) 

Almdalat and dose ( 16 ) 


September 1939 


September 1939 


November 1939 
Jnly 1939 


September 1939 


September 19J9 


September 1939 
November 1939 


November 1939 
September 1939 


September 1939 


Ahw^tauIKloMdt) 

A ns bacher Femholsand 
UaePhnUmy (M) 
Dann (13) 
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VHAUIN K ACirVITT 


aipoBiED mr 


L Active compounds — Continued 


2 Metliyl-3 “isophytyl”- 
1 , 4-naphtlioquinone 
S 2,3 Dunethyl-1,4 naph- 
tboqubione 


2-Hydroiy-l , 4-naphtho- 
quinone 


7 2-Ethyl'l,4-naphtho- 
quiooue 


8 2-MeUiyl-3-ciiinamyl- 

1 , 4-naplithoquioone 

9 2-MetliyI-3 gcranyl-1,4- 

naphthoquinone 
10 Phthiocol ethyl ether 


11 Phthiocol octadecyl 

ether 

12 Phthiocol phytyl ether 


13 Phthiocol triacetate 


14 I Phthiocol monoacetate 


15 2 Methyl 1 4 naphtho- 

hydroquinone 

16 1,4-Naphthohydro- 

qulaone-dlacetate 


About IS mlcrograma “ 1 
Ansbacher unit 
250 mlcrograms very effec- 
tive (modified Ansbacher 
method) 

SOO mlcrograms dally for 3 
days curative (Thayer 
method) 

8 mgm per kg diet effective 
(19) 

50 micrograms curative (modi 
fied Ansbacher method) 

100 mgm per kg diet effective 
(14) , equivalent to 84 gm 
standard allalfa per gm 
10 mgm daily dose for 3 days 
curative (Thayer method) 
75 mgm per kg diet effective 
(14) , equivalent to 139 gm 
standard alfalfa per gm 
1 mgm •» 8 Thayer-Doisy 
units 

Over 200 mlcrograms effec- 
tive (modified Ansbacher 
method) 

100 mlcrograms active (modi- 
fied Ansbacher method) 

25 mlcrograms active (modi- 
fied Ansbacher method) 

IS mgm per kg diet effective 
(14) , equivalent to 100 gm 
standard alfalfa per gm 
20 mgm per kg diet effective 
(14), equivalent to 95 gm 
standard alfalfa per gm 
20 mgm per kg diet effective 
(14), equivalent to 50 gm 
standard alfalfa per gm 
IS mgm per kg diet effective 
(14) , equivalent to 192 gm 
standard alfalfa per gm 
Leas than 20 mgm per kg 
diet effective (14) 

IS mgm per kg diet effective 
(14) equivalent to 420 gm 
standard alfalfa per gm 
1 mgm 1000 Thayer-Doby 
units 

1 mgm »• <2000 Dann units 
1 mgm •• 0-5 Thayer-Doisy 
units 


Ansbacher, Femhols and November 1939 
MacPhillamy (34) 

Fieser and co-workers July 1939 
(109) 

Kuhn and associates July 1939 
(149) 

Fieser and associates August 1939 
( 111 ) 

Tbhler end Sampson September 1939 
(245) 

Almqubt and Klose (IS) July 1939 


Kuhn and associates July 1939 
(149) 

Almquist and Klose (16) September 1939 


Thayer and associates July 1939 
(239) 

Tishler and Sampson September 1939 
(245) 


Fieser (108) 
Fieser (108) 


November 1939 


December 1939 


Almquist end Klose (16) September 1939 


Almqubt and Klose (16) September 1939 


Almqubt and Klose (16) I September 1939 


Almquist and Klose (16) September 1939 


Almquist and Klose (IS) July 1939 
Almqubt and Klose (16) September 1939 


Thayer and associates September 1939 

(238) 

Dann (85) November 1939 

Thayer and assodates July 1939 

(239) 
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TABLE l—Ccullnued 



17 

l<MeUiyI 1 4<4uphtlu>- 

Aboot S mlcrop«ni 1 An*- 

Ansbaefaet and Temholi 

July 1«9 


bjrdroqalDOtw^l 

bacher unit 

(32) 



acetite 

1 ia*m 5 Tbaytt Dnlay 

Tbsyer and smodates 

1 July 19» 



onlU 

(2») 




2 mkrofram* — 1 Anibacbet 

FemboU ajod Aasbadter 

September 1939 



unit 

(101) 




About 1 mlootTaa •• 1 An*- 

1 

1 

IM 

1 

Koveanbet 1939 



bacfaer unit 

UacFhllUmy (») 


tt 

2-Mtlbyl-l-fihytyl 1 4- 

1 m(m « 660 Thayer Doby 

hlacCorguodalc aod as- 

September 1939 


mphthtkptdiol dl 

until 

locUtes (158) 

i 


tceUlt 

About IS nkroertmt « 1 Am- 

Ambscher Fershotsand 

Nervember 1939 



bacher unit 

hlacFbniamy (34) 


19 

2 Bratao*l<iietbyl 1 4- 

1 mCTL “ XJ4 Thaycf Boliy 

Tbayer aod acsodalcs 

1 July 1939 


upfatinqaliMntt 

units 

(239) 

1 

30 

2 l*D[bracaa-2-<Dctbyl< 

1 mtta «■ >0 t Thayer Bolsy 

Thayer aod aisociales 

Jnlr 1W9 


1 4<dioxQt«t/4li]rdm' 
ntphtbtlttw 

nnlti 

(1») 


« 

2 AnjrlH'ialaO'l-'tuplH 

, Actlvo 

, Thayer aod aisodatea 

July 1939 


UmI h^dramoddo 


(n?) 


ti 

4'Aalao'2'ia«U)7l 1 

1 mfot conUlns about 1000 

DoUy aod auodale* (IS) 

November 1939 


ttphlhol 1 

Huyer DcUy unit* 



2S 

1 4>DIb7drox7 2*<Belbyl ' 

5-10 mcm btravcootaly el 

Snell and Sott (09) 

December 1939 


^.uphtlitlddiyda 1 

(eetfre la ptUenb 



n 

2 MelbyM i^pbtbcH ' 

1 mcm * 2500 Dana onlti 

Dans (&5) 

Norember 1939 


cpilnhjdroiM 




15 

^ a^Tocopborlqalnoiitt 

10 mcm daily loe 3 days cun 

Kuhn and aaiociatcs 

Joly 1939 



lire CThayer method} ' 

(149) 1 


M 

1 2 S^Dlmelbylbeaxo- 

1 mcm •> about 1 Ambacbet ^ 

Aaibacher mod Fernhola ' 

November 1939 

J 

qqbocK (pbloroac) 

unit 

(33) 


n lotctWe or tUjhUy tcUve compOMdi 

17 ' 

1 4 NftpbUioqnhiou 

1 mjnn — 1 Th^tf DoUy 

Thayer and associates 

Jnlr 1»» 



unit 

(239) 



lOmcm dally for 3 days ctm 

Knhn aod aisodates 

Jolriws 



tire (Tbsyer method) 

(149) ! 



100 rngm per kc dkt bae 
tiro (H) 

200 mkroenfflt acUre (modi 

Almqubt and Kkse (16) 

September 1939 

a 

2 7 DimeUijI 1 4 uph 

Fkfcr and assocktea 

Jnlr IW 


tboquinoM 

bed AasbschCT method) 

(IJO) 1 



400 mkrocnm* Inactlro 

Tlahler aod Sampson 

September 1939 



(modified Ansbacher amy) 

(*«) 


Losailol 

No appredsble actlvUy 

Flcsct (108) ' 



ISO mkrevrams effective 

Flesei aod co-worken 1 

Jnlr uw 



(nsodified Ambschex 
method) 

(109) 1 

1 




too rwpn» Pv he diet laac 

AlsKitilst and X4 om (15) 1 

July 1939 



tire (14) 



10 mcm per he diet Inactive 

Flescr aod associates 

Ancust J939 

- 


(19) 

(III) 
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TABLE 1 — Concluded 


3 

COUKJUWD 

vnAioN K Actrvmr 

EEPOMED BY 

DATE 


n 

Inactive or slightly active compounds — Coniinued 


0 

Hydroiyhydrolapachol 

250 nucrograms effective(mod 

Fieser and co-workers 

July 1939 



ified Ansbacher method) 

(109) 




No appreciable activity 

Fieser (108) 

November 1939 

1 

2-a Heptenyl-3-hydroiy 

200 nucrograms, some activ- 

Fieser and associates 

July 1939 


1,4-naphthoquinone 

ity (modified Ansbacher 
method) 

(110) 




No appreciable activity 

Fieser (108) 

November 1939 

2 

2-N-Heptyl 3 hydroxy- 

200 micrograms, some activ- 

Fieser and associates 

July 1939 


1 , 4-naphthoqulnone 

ity (modified Ansbacher 
method) 

(110) 




No appreciable activity 

Fieser (108) 

November 1939 



2 mgm inactive 

Thayer and associates 

July 1939 




(239) 


3 

2-Allyl-l , 4-naphtho- 

200 nucrograms, very ac- 

Fieser and assoaates 

July 1939 


quinone 

tive (modified Ansbacher 
method) 

(110) 




Over 200 micrograms, Inac- 

Fieser and associates 

August 1939 



tive (modified Ansbacher 
method) 

(111) 



The compounds listed below are devoid of vitamin K activity, as indicated by all reported assays The 
laximmn amounts administered in these tests are indicated 

1 2*Naphtho<iuinone (S rngm ) (Z39) 

2.6- Dimethyl l.^-naphthoqulnooe (0 4 rngm ) (108, 110, 245) 

2-N-Propyliiaphthoquinone (0 4 mgm ) (245) 

Lapachol (5 mgm , 100 mgm per kg diet) (15, 109, 111, 149) 

2-i^yl-l,4-naphthoquinone (2 mgm ) (239) 

Lomatiol methyl ether, m p 61 Ji°-62’ (0 25 mgm ) (108, 109) 

Lapachol methyl ether (0 J5 mgm ) (109) 

2-Methyl-3-beniyl-l,4-naphthoquInone (0 1 mgm ) (108) 

2-Methyl-3-trimethylaUyl-l 4 naphthoquinone (0,2 mgm ) (108) 

2 Ethyl-3-phytyl 1,4-naphthoqulnone (no data) (108) 

2.6- Dimethyl-3 phytyl 1 4-naphthoquinone (0 05 mgm ) (108) 

Hydrolapachol (0,25 mgm , 100 mgm per kg diet) (16, 108, 109) 

2 3-Dialiyl'l 4-nsphthohydroquinone diacetate (0 2 mgm ) (110) 

1,4-Bensoqnlnone (5 mgm , 100 mgm per kg diet) (16, 33 , 239) 

Tolnqnlnone (5 mgm ) (33, 239) 

P-Xyloqulnone (5 mgm ) (239) 

Trlmethylqumone (1 mgm ) (33) 

Duroqulnone (1 mgm ) (32) 

Thymoqulnone (5 mgm ) (239) 

Disllyl-l,4-benioqumone, m p 16* (0 25 mgm ) (109) 

Diallyl 1 4 hydroqninone, m p 130°-131* (0 25 mgm ) (108, 109) 

Dlallyl 1 4-hydroquinone diacetate, m p lll'’-112* (0,25 mgm ) (108, 109) 
Diamylhydroquinone (5 mgm ) (239) 

Naphthalene (100 mgm per kg diet) (16) 

1 2 Dihydroiy anthraqnmone (100 mgm per kg diet) (16) 

Dihydro-anthraqumone diacetate (5 mgm ) (239) 

Anthraquinone B-sultonic acid (5 mgm ) (239) 

Phenanthraquinone (5 mgm ) (239) 
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synthetic wtamm Ki, 2-methyl-3-phytyl-l ,4-naphthoqumone, is 
highly active, but the corresponding 2-ethyl compound is inert (fig 
2C) Although vitamm K activity may be related to a specific type 
of molecular structure, such relationship is not as yet entirely clear 
However, Fieser (108) has made some mteresting suggestions re- 




EMdmg the speofiaty of the 2,3-dinlkyl 1,4-naphthoqumones He 
found that 2 methyl-3-cmnamyl and 2 meth>l-3 genuiyl-l,4-naph- 
thoqumoncs, n hich have a total of 10 and 11 carbon atoms rcspccUvely 
in the side chains, have moderate vitamin K acUvity, while compounds 
with only 6 or 8 carbon atoms in these side chams were macbve 
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The highly active synthetic vitamin Eli has a total of 21 carbon atoms 
m these two side chams, and vitamm Kj presumably has 30 carbon 
atoms However, m this senes of 2,3-dialkyl compoimds, the sim- 
plest, 2,3-dimethyl-l,4-naphthoqumone, is moderately active, and 
thus occupies an anomalous position m this group On the basis of 
the activity of this series of compounds, Fieser has postulated that 
the high vitamin K activity of 2-methyl- 1,4-naphthoqumone may 
be due to the synthesis by the animal organism of vitamm Ki from 
this compound and phytol However, the data of Ansbacher, Fem- 
holz and MacPhillamy (34) on the rates of utilization of 2-methyl- 
1 ,4-naphthoqumone and 2-methyl-3-phytyl-l ,4-naphthoqumone offer 
no support for Fieser’s hypothesis 

Natural occurrence of miarntn K 

A large number of plants have been tested for the presence of 
vitamm K Alfalfa (21, 22, 67, 72, 79, 129) and spmach (72, 79) 
are very nch m the vitamin Other plants havmg a high natural 
content are cabbage (72, 134), cauliflower (72), kale (67), carrot tops 
(24), soy bean oil (25), nettle (72), chestnut leaves (72), pme needles 
(72) and seaweed (72) Less potent are tomatoes (67, 72), hemp 
seed (67, 72) and orange peel (67) Green leaves tend to be espeaally 
nch m the vitamm while leaves which grew m the dark contam much 
less vitamm K (24, 72) Also, fruits, seeds and roots contam con- 
siderably less vitamm K than do green leaves The presence of 
large amounts of the vitamm m the chlorophyll-contammg parts 
of the plant was one of the factors that led to the postulation (111) 
that vitamm Ki contams, like chlorophyll, a phytyl group Fieser 
(111) has suggested that Ki arises m nature by the condensation of 
phytol and 2-alkyl- 1,4-naphthohydroqumone, both of which occur 
m plants Smce both vitamins Ei and Ki contam a phytyl group, 
the possibihty of a close biogenetic relationship between these two 
compounds has been pomted out (111, 149) 

Bacteria likewise contam vitamm K (see p 354) Almquist, Pentler 
and Mecchi (20) determmed the vitamm K content of a number of 
t 3 q)es of bactena Cultures of Staphylococcus aureus, E coh, B 
subtihs, Sarcmia lutea and Mycobactenum tuberculosis aU contamed 
abundant vitamm K Approximately 0 6 to 2 0 gm of dned bactena 
per kil n of basal diet protected agamst development of the disease. 
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as determined by clottmg tnne measurements Pseudomonas and 
yeast developed very little of the vitamm Some of these bacteria, 
then, are as potent as alfalfa, of which about 2 0 per cent m the de- 
fiaent diets is required to prevent prolongation of the clottmg time. 
The vitamm apparently is synthesized and retamed withm the bac- 
terium durmg growth, as the culture media filtrate, free of bacteria, 
apparently contamed none of the vitamm 
The growth of bacteria m putrefied fish meal undoubtedly accounts 
for Its high content of vitamin K (22, 129, 188, 242) Feces likewise 
are nch m the vitamm, due, also, no doubt, to the bacterial content 
(23, 68, 125, 166) 

Moderate amounts of vitamm K. are found widely distributed 
throughout the animal body It appears, however, that the vitamm 
present m the various organs of nnimnls is of erogenous ongm, and 
that animals are unable to manufacture the vitamin, except for bac- 
terial synthesis m the mtestme Dam, Glavmd, Lewis and Tage- 
Hansen (76) found complete absence of vitamm K m chicks kept on 
a vitamm K-defiaent diet In chicks on a normal diet, however, all 
of the organs tested were found to contam vitamm K In their 
assays plasma, spleen, red muscle, gizzard, bone marrow and pancreas 
were found to contam rdativdy large amounts, while hver and lung 
were found to contam somewhat less vit amin K Karrer (143) could 
not detect any vitamm K. by chick assay m beef-retma extracts In 
ducks on a diet nch In vitamm K, Dam and collaborators (76) found 
that the amount of vitamm m the organs was slightly mcreased 
Increased stores of the vitamm with a high vitamm K diet is mdi- 
cated also by the work of Almquist and Stokstad (23) However, 
even m those organs containmg the greatest amount of the vitamm, 
their content appears to be less than 10 per cent that of alfalfa meak 
Although hog hver fat was one of the first sources of the vitamm to 
be recognized (66, 67), hver, whether from chicks, swme or dogs, 
contains relatively little vitamin K (23, 76, 79) Egg yolk contains 
small but vanablc amounts of the vitamm (23) Bile, which is 
necessary for the absorption of vitamm K. from the mtestme, has been 
shown, by assay , to contam pracUcally no vitamin, provided bactenal 
^wth 13 exduded Beef, sheep and human biie have been tested 
(W, 124) Dam (68) tested the urine of a patient on a high vitamm K 
diet for the vitamin, but found none 
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PLASMA PROTHROMBIN IN DISEASE 

Simple dietary deficiency of mtamin K 

1 Birds The deficiency m chicks has been descnbed (see p 352) 
Dam, Schj^nheyder and Lewis (80) found that duckhngs and goshngs, 
placed on a vitamm K-deficient diet, developed a prolonged clottmg 
time, and m a few of the animals hemorrhages occurred withm 2-3 
weeks Pigeons and canaries also developed the disease, but m a 
much milder form, and only after bemg on the defiaent diet for 
several weeks 

2 Mammals Many of the attempts to produce a hemorrhagic 
disease m mammals by feedmg a diet deficient m vitamm K have 
failed It appears that m most cases there is absorption of sufl5.aent 
vitamm, synthesized m the mtestme by bacteria, to prevent the 
development of a deficiency Dam, Schj 2 {nheyder and Lewis (80) 
fed young rats, gumea pigs, rabbits, dogs and swme a K-defiaent diet, 
but they obtamed no evidence of the disease, although this dietary 
regimen was contmued for 2^ months In a later study with rabbits. 
Dam and Glavind (74) did observe a mild defiaency as judged by 
their clottmg test m one of three animals placed on a defiaent diet 
Feedmg a vitamin K concentrate corrected the clottmg defect, and 
the defiaency reappeared m 28 days on the deficient diet alone In 
view of the smgle animal which developed the disease, one must 
consider that rabbits are quite resistant to the development of a simple 
dietary defiaency 

Murphy (181) has given a bnef report of a prolongation m the 
clottmg time m mice fed on a purified diet Supplementmg the 
diet with alfalfa extract prevented the development of the clottmg 
defect No hemorrhages were observed, and no prothrombm deter- 
mmations were made The picture was comphcated by the presence 
of icterus If bfiiary obstruction were the cause of the jaimdice, a 
vitamm K defiaency may also have been related to the obstruction 
However, the prevention of the condition by alfalfa supplements 
without the feedmg of bile m addition, suggests that she was deahng 
with a true dietary K-deficiency of mild type 

Greaves (125) has mvestigated very thoroughly the effects of a vita- 
mm K-defiaent diet fed to rats over a long penod of time Only 12 
of 77 rats (15 6 per cent) developed a deficiency suffiaent to reduce 
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the piothroinbui levd to 50 per cent of normal or less Many rats 
fed the diet for as long as 45 weeks did not develop a lowered pro- 
thrombm level, while others on the diet for only 6-8 weeks did Rats 
of the third generation, on a vitamm K-defiaent diet throughout, 
were no more suscepbble to the disease than first generation rats 
A possible explanation of these differences is that the amount of 
vitamin manufactured m the feces of the animals which became 
defiaent was less, due to a difference m the mtestmal bactenal flora 
Individual differences m absorption might also be important Even 
though the majority of these animals did not show significant decrease 
m their plasma prothrombin levels, their vitamin reserves were sen- 
ously depleted while on the defiaent diet. This was shown by ex- 
cludmg bile from the mtestme and thus decreasmg or elimmatmg 
the absorption of the vitamm Normal rats developed a severe 
vitamm K defiaency under such circumstances m approximately a 
month, whereas the animals mam tamed on a defiaent diet pnorto 
operation developed the hemorrhagic tendency m less than a week, 
riynn and Warner (115) have obtamed similar results 

Dam and Glavind (75) alsohave been ableto produce a vitamm K 
dcfiaeniy m rats by feedmg a vitamm K-defiaent diet. As m 
Greaves' experiments, only a part of the animals (46 7 per cent) 
developed the defiaency 

A report of sunple nutritional defiaency of vitamm K m man has 
been made by Kark and Lozner (142) They observed 4 patients 
with prolonged plasma prothrombin times, due apparently to a simple 
dietary defiaenev Three of the patients had been eatmg diets 
practically devoid of fruits and green vegetables for a period of one 
to nine years In addition to the lowered plasma prothrombm, these 
patients had scurvy The fourth patient suffered from chrome al- 
coholism, and had both pellagra and subdmical scurvy as well as a 
prolonged plasma prothrombm time Vitamin K, without bile salts, 
was given b> mouth to each of these patients The day foUowmg 
the vitamm K therapy, the plasma prothrombm tune of each of these 
patients was found to be normal or nearly normal 

ituer disease 

ToUowmg eipenmcntal hver mjuty or hepatectomy, either partial 
or complete, there develops a profound fall m plasma prothrombm 
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(29j 198, 221, 249, 251, 255) A decrease m plasma protlirombm also 
occurs in certam types of liver disease Scanlon and collaborators 
(211) found that the prothrombm was reduced m each of their six 
cases of cirrhosis of the hver The prothrombm levels vaned from 
30 to 79 per cent of normal Stewart and Rourke (232) and Pohle 
and Stewart (190) hkewise observed a reduction m the plasma pro- 
thrombm m hepatic cirrhosis In one of Pohle and Stewart’s patients 
there was a hemorrhagic tendency Quick (198) noted m a patient 
with multiple hver abscesses a prolonged plasma prothrombm time 
(prothrombm 60 per cent of normal) Wilson (259) determmed the 
prothrombm level m a group of 36 patients with hver damage, not 
assoaated with biliary tract obstruction or bdiary fistula The pro- 
thrombm level was 80 per cent of normal or lower m apprommately 
three-fourths of these patients Seven of the patients had pro- 
thrombm levels below 50 per cent of normal, and three were below 
25 per cent 

It appears that the hypoprothrombmemia m these patients is the 
result of the hver damage per se, and is not related to a vitamm K 
defiaency Therapy with vitamm K and bile salts m these patients 
was found to be without effect on the prothrombm level (211, 259) 
From then experiments with hepatectomy m dogs, Andrus andas- 
soaates (29) concluded that the dedme m prothrombm foUowmg 
hepatectomy is not influenced by peroral admimstration of vitamm K 
and bile salts In dogs with chrome hver mjury mduced by chloro- 
form, we (49) have found that the fall m prothrombm is neither pre- 
vented nor cured by feedmg large amounts of the vitamm along with 
bile salts 

It appears possible that a hypoprothrombmerma may occiu m 
patients havmg coexistmg hver damage and vitamm K defiaency 
Tn this situation the extent to which the h)^oprothrombmemia could 
be corrected by vitamm K therapy would appear to be hmited by the 
functional capaaty of the hver 

The plasma prothrombm level appears to be a fauly sensitive mdex 
of hver fimction provided that there is not an assoaated vitamm K. 
defiaency This was suggested by Snuth, Warner and Brmkhous 
(221) m then study of plasma prothrombm m experimental hver 
damage m dogs Wilson (259) reached a smnlar conclusion from 
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a study of a group of patients with hver damage m whom he compared 
hippunc aad excretion (191) and the plasma prothrombm level 
From his results, it appears that the plasma prothrombm level pro- 
vides as good an mdex of hver function as does the amount of hippunc 
aad excreted 


Obstniclive jaundice and hthary fistula 
The bleedmg tendency m patients havmg chrome bihary obstruc- 
tion has been recognued for manv decades, but m spite of extensive 
study of this condition, until recently there was no evidence which 
pomted condusively to the clottmg defect responsible for th i s hemor- 
rhagic diathesis The older work on this subject has been covered 
m a number of reviews, one of the most recent of which is that of 
Ravdm and Johnston (204) 

The occunence of a bleedmg tendency m patients havmg chrome 
bihary fistula without jaundice was not appreciated generally m the 
past and, until recently, there were only a few reports of this com- 
pheahon In 1935, the work of Hawkins and Whipple (131) with 
biliary fistula dogs served to emphasize the occurrence of a hemor- 
rhagic diathesis m this condition Animals with bihary fistula of 
several months duration frequently developed prolonged clotting 
times and hemorrhages, which at times were fatal 
Recent work from several different laboratones has shown that 
the hemorrhagic tendency assoaated with both obstructive jaundice 
and bihary fistula is due to the same fundamental causes In each, 
the bleedmg is due to a lowered plasma prothrombm level This m 
turn 13 the result of a dcfiaency m vitaram K., which is absorbed 
madequately from the mtestme m the absence of bile 
1 Prothrombm deficiency The first studies of plasma prothrombm 
m patients havmg obstructive jaundice were reported in 1935 (192, 
203) Quick, Stanley-Brown and Bancroft (203) observed a pro- 
longation of the clottmg tunc, as determined by their plasma pro- 
thrombin tune test, m each of S cases of jaundice In these patients 
their accelerated clottmg time saned from 35 to 90 seconds in com- 
parison to a normal \’aluc of 23 seconds None of their cases showed 
a hemorrhagic tendenej These findmgs, thev stated, “suggest that 
the hemorrhagic tendenej in jaundice is brought about b) n duninu- 
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tion of prothrombin Further work is required, however, before this 
conclusion can be defimtely estabhshed ” 

Soon thereafter Hawkms and Bnnkhous (130) reported prothrombm 
studies in chrome bihary fistula dogs At the tune of spontaneous 
bleeding they found that the plasma prothrombm was at an extremely 
low level — ^less than 5 per cent of a normal control dog The whole 
blood clottmg time, which was prolonged, was restored to normal 
by the addition of a partially purified prothrombm, free of calcium 
and thromboplastm Normal values for serum calcium and plasma 
fibrmogen were obtamed, and there was no evidence of an excessive 
amount of antithrombm or of heparm These data showed defimtely 
that the hemorrhagic tendency was the result of a prothrombm 
defiaency Bile feedmg prevented as well as cured this bleedmg 
tendency Further studies by Smith, Warner, Bnnkhous and Seegers 
(222) showed that m these dogs the critical prothrombm level at 
which bleedmg is hkely to occur is approximately 10 per cent of normal 
Other studies have demonstrated that bihary fistulae, both m rat 
and m man, are compheated by a hemorrhagic tendency due to a 
lowered plasma prothrombm (Greaves and Schmidt (128), Warner, 
Bnnkhous and Srmth (252), Bnnkhous, Smith and Warner (47), 
Greaves (124), and others) 

Studies of the bleedmg tendency m obstructive jaundice defimtely 
mdicated that it was due to a hypoprothrombmemia, thus substanti- 
atmg the suggestion of Qmck, Stanley-Brown and Bancroft Warner, 
Bnnkhous and Srmth (252) and Bnnkhous, Smith and Warner (47) 
observed a marked lowenng of the prothrombm m jaimdiced patients 
with a hemorrhagic tendency No spontaneous bleedmg was en- 
countered unless the prothrombm had fallen to below 35-40 per 
cent of normal Furthermore, a nse m the prothrombm to above 
these levels was assoaated with cessation of bleedmg 

Dam and Glavmd (70, 71, 74) observed high R-values (see p 359) 
m many of them cases of obstructive jaimdice They have shown 
that the R-value is prolonged under a number of different orcum- 
stances The amount of calaum or fibrmogen, the pH, and the 
amoimts of dot-mhibitmg agents, as well as the prothrombm level, 
all influence the R-value They presented evidence, however, which 
mdicated that the high R-values observed m jaundiced patients are 
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due to a defiacnt amount of prothrombm They have found also 
that hgation of the common bde duct m chicks results in a high R-value 
m 24-26 days 

A number of other studies, includmg those of Butt, Snell and 
Osterberg (51, 52, 230), Stewart, with Rourke and Allen (231-234) 
and Pohlc and Stewart (190) have all confirmed the findmg of a 
lowered plasma prothrombm level m the bleedmg tendency of ob- 
structive jaundice 

The prothrombm level at which “cholemic” hemorrhage occurs has 
been studied m a number of human patients Brmkhous, Smith 
and Warner (47) found that bleedmg occurred only when the pro 
thrombm level was below 35-40 per cent. However, no sharp pro- 
thrombm level could be considered as a bleedmg level, as some patients 
with a plasma prothrombm as low as 20 per cent of normal have shown 
no evidence of hemorrhage It appeared that aside from the pro- 
thrombm level, there were other factors, as trauma, infection, operative 
hemorrhage and exudate formation, which were important m matmg 
actual hemorrhage, and that these factors play a rtle m determming 
the exact prothrombm level at which hemorrhage occurs Stewart 
and Rourke (232) studied six jaundiced patients at the time of massive 
hemorrhage, and found prothrombm levels varymg from 13 to 36 
per cent of normal 

On the basis of plasma prothrombm time dctcrmmations, there 
appears to be a wide range over which hemorrhage may occur Quick 
(198) stated that the cntical prothrombm level is approximately 
15-20 per cent of normal Butt, Snell and Osterberg (53) noted 
hemorrhages m patients with prothrombm times varymg from normal 
to twice the normal value or higher, the prothrombm level was not 
calculated on a percentage basis Pohle and Stewart (190) observed 
6 patients wath cholemic bleedmg The lowest prothrombm value 
m this group was 15 per cent of normal, the highest 35 per cent. Also, 
on the basis of prothrombm time determinations, Greaves (124) 
observed m rats with obstructive Jaundice or biliary fistula that at 
the time of bleedmg the prothrombm was at the 30 per cent level 
or lower 

In obstrucUve jaundice a lowered plasma prothrombm level, at 
least of moderate degree, is very common, as mdicatcd by detennma- 
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tions with the two-stage method Brmkhous, Warner and Smith 
(47) found that the prothrombm level was 80 per cent or lower m 
23 of the 27 patients studied Stewart (231) observed a prothrombm 
level of 84 per cent or less m each of 17 patients m which jaundice 
had persisted for more than a week 

Results as obtamed by plasma prothrombm time (one-stage method) 
mdicate a lesser madence of hypoprothrombmemia m jaundiced 
patients Quick (198) stated that he observed normal prothrombm 
values m all but a comparatively small number of patients Butt, 
SneU and Osterberg (52) studied a number of patients with obstructive 
jaundice who had a normal prothrombm time, the exact frequency 
IS not given Pohle and Stewart (190) found a normal prothrombm 
time m exactly half of their patients 

These reported differences m madence of hypoprothrombmerma 
may be due to the prothrombm method used It has been pointed 
out that if only undiluted plasma is used for determmation of plasma 
prothrombm tune, a practically normal prothrombm time may be 
obtamed m the presence of only 60 per cent of the normal amount of 
prothrombm < 

2 Vitamin K deficiency That a vitamm K deficiency exists m 
cases of obstructive jaundice and biliary fistula was suggested for 
the first tune m 1937 (197) on theoretical grounds The evidence 
then available mdicated that (1) a hypoprothrombmemia exists m 
obstructive jaundice (192, 203), bdiary fistula (130), and vit amm 
K-defiaent chicks (81, 197, 215), (2) that vitamm K is a fat-soluble 
vitamin, (3) that certam of the other fat-soluble vita mi ns (A and D) 
requue, as fats do, the presence of bile or bile salts m the mtestme 
for then adequate adsorption (126, 127, 237), and (4) that the low 
prothrombm level and hemorrhages can be prevented or cured m 
bihary fistula dogs by feedmg bUe (130) It was clear that cases 
of bleedmg m bihary fistula or m obstructive jaundice have m common 
the absence of bile m the mtestme and that the bleedmg tendency m 
each is due to a diminished plasma prothrombm On the basis of 
these facts. Quick (197) postulated, m addition, that they have a 
vitamm K defiaency, due to the lack of bile m the mtestme 

The first test of this hypothesis of a vitamm K defiaency was 
earned out m rats havmg a bdiaiy fistula or obstructive jaundice by 
Greaves and Schnudt (128) m October, 1937 They confirmed the 
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earlier finding of Hawkins and Brmkhous (130) that bile feeding would 
correct the lowered prothrombin levels In addition they found 
that feedmg massive doses of vitamin K concentrate resulted in a 
prompt elevation of the prothrombm level The quesbon sbll re- 
mamed whether bile itself might not contam the factor responsible 
for the prothrombm response Further studies on bfliary fistula 
dogs by Srmth, Warner, Brmkhous and Seegers (222) showed that 
bile alone was much less effecbve m the elevabon of the prothrombm 
level than a vitamm K. preparafaon fed along with bile or bile salts 
Vitamm K alone was pracbcally without efi'ect The equal efiecbve- 
ness of bile or bile salts mdicated that the latter was the acbve mate- 
nal m bile (128, 222) 

The first demonstrabon that vitamm K along with bile or bile 
salts IS effecbve m overcommg the hypoprothrombmemia and bleedmg 
tendency m human patients with obstructive jaundice was by Warner, 
Brmkhous and Smith (252) m January 1938 A vitamm K con- 
centrate prepared from alfalfa, plus human bile or bile salts, led to 
a nse m prothrombin from 20-40 per cent to 85-105 per cent of normal 
m 6-8 days, whereas srniple restoration of bile to the mteshne required 
2 weeks for a similar nse m prothrombm 

Similar beneficial effects of vitamm H m cases of obstructive jaun- 
dice were reported almost simultaneously by Butt, Snell and Osterberg 
(51) m February 1938 and by Dam and Glavmd (70, 71) m March 
1938 Butt, Snell and Osterberg (51) treated 18 cases successfully 
by usmg bile salt and vitamm K preparation of putrefied fish meal m 
a dosage 10 times greater than that required to cure the hemorrhagic 
chick disease. In the absence of bile, vitamm K was found to be 
Ineffective m raismg the plasma prothrombm, although bile alone, 
along with an adequate food mtake, did cause a prothrombm response 
m 2 days Dam and Glavmd (70, 71, 74) gave a vitamm K. concen- 
trate mtramuscularly for 3-4 da>s to 5 patients with obstructive 
jaundice, and found that the high R-values (5 6-S8 0) present before 
treatment were returned to nearly normal values 1-3 days after 
the last dose Similar results were obtamed m young chicks with 
obstructive jaundice and high R-\'alues (8-42) After mtracardiol 
mjcction of the vitamm concentrate, the R-values of the chicks were 
nearly normal one day later 

A fourth report on the use of vitamm K. m obstructive jaundice. 
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by Quick (198) m May 1938, was less encouraging His jaundiced 
patient had a marked reduction in the level of plasma prothrombin, 
but failed completely to respond to vitamm K. therapy Although 
subsequent reports by others have mdicated that a few patients with 
jaundice fail to show a nse m prothrombm foUowmg vitamm K 
therapy, this is not the rule The reasons for these occasional failures 
of response will be considered later 

Except for the report of Qmck, other studies all confirmed the ongmal 
findmg of a prompt nse m the prothrombm level foUowmg vitamm K 
therapy m jaundiced patients Brmkhous, Smith and Warner (47) 
reported 4 cases m which the prothrombm rose m 4-7 days from 
low prothrombm levels to normal or nearly normal levels with vitamm 
K and bile salt therapy In 3 of these patients, the prothrombm 
level was at or near the bleedmg level With vitamm K therapy the 
prothrombm level reached 80 per cent of normal, and operative 
procedures were earned out After operation there was no evidence 
of a bleedmg tendency 

Other reports of the successful use of vitamm K m obstructive 
jaundice m 1938 were by SneH, Butt and Osterberg (230) and by 
Butt, Snell and Osterberg (52) In this work they used alfalfa as 
the source of the vitamin rather than putrefymg fish meal, as m their 
earher studies They reported the successful treatment with vitamm 
K and bile salts of a large number of patients havmg obstructive 
jaundice and hypoprothrombmemia Actual bleedmg was controlled 
by this therapy m 13 patients 

In 1939 there were a large number of reports on the successful 
use of vitamm K therapy m the bleedmg tendency and hypopro- 
thrombmemia m patients with obstructive jaundice Scanlon, 
Brmkhous, Warner, Smith and Flynn (211) observed a patient m 
whom cholemic bleedmg could not be controlled by repeated blood 
transfusions, but which was controlled promptly by peroral vitamm K 
and bile salt administration Rhoads (205) reported 12 patients, 
9 of whom responded to vitamm K therapy, as judged by plasma pro- 
thrombm times A dned preparation of yoimg oat and wheat plants 
(cerophyl) was used as the source of vitamm K Stewart (231) 
treated 12 cases of obstructive jaundice with vitamm K prepared 
from fresh spmach for 1 to 6 days All showed a definite nse m 
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prothrombin Stewart, Rourke and Allen (234) found m 11 cases of 
jaundice due to calculous obstruction an average prothrombm value 
of 65 per cent which was raised to 96 per cent after 4i day treatment 
with vitarmn K Similar results were obtamed m patients having 
obstruction due to carcmoma, the imtial average pre-treatment value 
of 55 per cent was raised to 86 per cent after vitamm K therapy 
Other reports of the successful use of vitamin K m patients with 
obstructive jaundice were made by Olson (187), who treated one case, 
by Hhngworth (140), who obtamed a response m three of his four 
patients, by Caroh, Lavergne, Lavergne and Bose (55), by Olson 
and Menzel (186), who reported that 10 of their 11 patients showed 
improvement m the plasma doltmg tune, by Townsend and Mills 
(246), who observed a response m 9 of their 10 patients, by Roller 
and Wuhrmann (147), all of whose 10 patients responded to vitamm K. 
therapy, and by Frank, Hurwitz and Sehgman (117), who used 
synthetic vitamm Ki 

Additional reports on the contmued successful use of vitamm K. 
m obstructive jaundice were made by Butt, Snell and Osterberg 
(53, 54), South, Zifiren, Owen and HoSman (223) with Flynn (224), 
Tage-Hausen (236) and Stewart and Rourke (233) 

In addition to the studies of vitamm K defiaency m patients with 
obstructive jaundice, a number of similar studies have been made of 
patients with a bihar^' fistula One of the first such cases reported 
(47, 252) had a complete external fistula and a hj’poprothrombmemia 
and a bleedmg tendency With fccdmg of whole bile, the prothrombm 
level returned from a low level of 27 per cent of normal to 89 per cent 
The vitaimn K mtakc in the food was not determmed, however Suc- 
cessful treatment of the hj-poprothrombmeima m these patients has 
been reported also by a number of mvestigators mcludmg Butt, 
Snell and Osterberg (52), Rhoads (205), Stewart (231), Stewart, 
Rourke and Allen (234) and Smith, Ziffrcn, Owen, Hoffman and 
Flynn (224) 

Greaves (124, 125) has made a careful experimental study of the 
vitamin R dcfiaenc> which develops in rats with obstructive jaundice 
or bibary fistula He studied the influence of feeding diets con- 
taining vatamm R and diets free of vitamin R on the development of 
the hypoprothrombmenuo. He found that the presence or absence 
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of the vitamin m the diet did not affect the rate of fail of prothromhm 
postoperatively From these studies it appears that the absorption 
of vitamm K from the diet is prevented practically completely by 
ehmmation of bile from the mtestme Treatment of the defiaent 
rats, either with vitamin K concentrates plus bile or bile salts, or 
with large amounts of vitamm concentrates alone, was effective m 
raismg the prothromhm level Bde alone was meffective provided 
the diet fed was free of vitamm K This would suggest that the 
bacterial production of vitamm K m the mtestme, although suffiaent 
to protect agamst the disease m many cases, is not great enough to 
cure an established deficiency 

Zuckerman, Kogut and Jacobi (264) have reported an mterestmg 
experiment m a patient havmg a biliary fistula, with results similar 
to those obtamed by Smith and collaborators (222) and Greaves 
(124, 125) They observed on feedmg their patient a low fat diet, 
an mcrease m the plasma prothrombm tune to 150 seconds The 
coagulation time was prolonged, and spontaneous bleedmg was ob- 
served Neither a vitamm K concentrate, nor the patient’s own 
bde, which dramed from the fistula tract, administered separately 
by mouth for 4-5 days, was effective m curmg the defiaency, but 
together they caused cessation of hemorrhage m 5 days, and after 8 
days the plasma prothrombm tune returned to normal 

3 Postoperative decline in prothrombm level It had been recog- 
nized for years that the bleedmg tendency m obstructive jaundice 
IS often observed wi thin the first few days postoperatively Although 
often there would be no evidence of excessive bleedmg at operation, 
hemorrhage might be massive and fatal withm the next few days 
after operation Butt, Snell and Osterberg (52) described 8 patients 
with prolonged plasma prothrombm tunes and postoperative hemor- 
rhage The bleedmg occurred m each case between the first and 
fourth postoperative days In a few patients, hemorrhage was not 
observed until later — on the 18th day after operation m one (53) 

The co mm on occurrence of cholemic bleedmg m the first few days 
postoperatively led to a careful study of the plasma prothrombm 
durmg this cntical penod Butt, Snell and Osterberg (52, 53, 230) 
made the first extensive studies durmg this penod They observed 
a prolongation of the plasma prothrombm tune with considerable 
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regularity m these patients following operation Those patients 
in whom considerable hver damage m addibon to obstruction of 
the biliary ducts was noted at the tune of operation appeared to be 
most susceptible to postoperative hemorrhage Stewart, Rourkc and 
Men (234) studied the plasma prothrombm level foUowmg surgery 
m a group of 19 patients with obstructive jaundice Uniformly, they 
found a fall in prothrombm, despite the fact that a blood transfusion 
was given routmely at the time of operation This fall averaged 
20-25 per cent, and the mimmiim level was reached most commonly 
between the first and fourth days, comadmg, thus, with the time 
hemorrhage most frequently occurs In two of their patients, the 
miniTTUim level was reached on the 7th and 9th postoperative days, 
respectively A comparison was made between the postoperative 
prothrombm levels m a group of four patients operated upon for biliary 
tract disease and a group of five patients without bihary tract disease 
or hver disease These pabents were followed for only the first 24 
hours postoperatively In the first group, a fall m prothrombm 
occurred with regulanty, the maximum fall bemg 21 per cent In 
the other group, a significant fall m prothrombm (IS per cent) oc- 
curred m only one patient Ether anesthesia was used m the majonty 
of these cases 

A number of causes for this fall m prothrombin after operation 
have been suggested In one of the first patients treated with vitamm 
K preoperaUvdy, Bnnkhous, Smith and Warner (47) observed after 
operation a dechne m prothrombm from a nearly normal preoperative 
level to a 20 per cent level on the tenth postoperative day Durmg 
this period the bile was dramed externally, and the fall m prothrombm 
was attributed m this patient to lack of vitamm K absorption, due to 
absence of bile m the mtestme It appears that a number of other 
factors are important in determmmg this postoperative fall m pro- 
thrombm Suggestions which have been made include (1) mcreased 
consumption of prothrombm due to hemorrhage and exudate forma- 
tion, without adequate reserves of prothrombin or vitamm K to 
restore the prothrombm level promptly, (2) a low bile salt output 
by the hver and consequent malabsorption of vitamm K for a penod 
after the obstruction has been reheved and (3) hver damage by anes- 
thesia, infection, or operaUve trauma, and decreased production 
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(or increased consumption) of prothrombm by the hver The im- 
portance of operative trauma to the hver as well as other tissues 
has been demonstrated experimentally by Lord (151) Simple mas- 
sage of the hver m normal dogs for 25 mmutes resulted m a prompt 
fall m prothrombm postoperatively m six of seven experiments 
This postoperative level, which averaged about 70 per cent of normal, 
persisted for about 24 hours, followed by a gradual nse to a normal 
level Similar massage of the spleen and kidney resulted also m a 
moderate dechne m plasma prothrombm, but this h)^oprothrom- 
bmemia persisted for less than 48 hours Following operative trauma 
to the peritoneal surfaces m normal rats, however, Warner (249) 
observed no dechne m the plasma prothrombm levels 
The rapid changes that occur m the prothrombm level postopera- 
tively m patients with obstructive jaimdice not treated with vitamm K 
may be due m large part to lack of adequate vitamm reserves, a sug- 
gestion made by many mvestigators The dietary dyscrasia of these 
patients and the low fat mtake, and probably more important, the 
faulty absorption of the vitamm precedmg operation, accoimt, no 
doubt, for the reduced reserves Greaves (125) has found that rats 
on a vitamm K-free diet show a rapid fall m prothrombm after ex- 
clusion of bile from the mtestme, while rats on a normal diet show a 
similar fall m prothrombm only after 3 to 4 weeks 
4 Detection of potential bleeders Smce the hemorrhagic tendency 
m this disease is due to a profoimd lowermg of the plasma prothrombm 
level, the detection of a potential bleedmg tendency depends upon 
the plasma prothrombm determmations Any of the methods used 
for the measurement of prothrombm, already descnbed, appear to 
be satisfactory, provided the limitations of certam of these tests are 
recognized (see p 338, determmation of prothrombm) If only the 
plasma prothrombm tune of undiluted plasma is determmed it appears 
that one may obtam a normal value m the presence of cholemic bleed- 
mg Butt, SneU and Osterberg (53) have reported two cases m 
which this was noted It appears from the results of many workers 
that a safe preoperative prothrombm level is approximately 75-80 
per cent of normal Because of the frequent and often profound fall 
m prothrombm postoperatively, frequent deter min ations of the pro- 
thrombm level dunng this penod are desuable (53) 
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There are a number of other tests, aside from direct measurement 
of the plasma prothrombm level, which have been used, often suc- 
cessfully, for the detection of a bleedmg tendency These methods 
mclude R-value determinations (Dam and Glavmd (74)), Ivy’s bleed- 
mg tune (141), clottmg time of recalafied plasma (Olson and Menzel 
186) and others), serum volume test (Boyce and McFetndge (42)), 
and coagelgrams (Nygaard and Baldes (185)) All of these proce- 
dures probably are influenced to a certam extent by the plasma pro- 
thrombm level of the blood, but a comparison between prothrombm 
levels and these tests have not been made except m the case of the 
R-value test (74) and the serum volume test (3) 

S Vttamin K therapy From the numerous studies on the vita mm 
K. deficiency and hypoprothrombmemia m obstructive jaundice and 
bihaiy fistula, it is apparent that the bleedmg tendency can be pre- 
vented, and m many cases it can be cured by treatment with vitamm 
K To avoid the bleedmg which may occur at the tune of operation 
or soon thereafter, it is nnportant to administer the vitamm for several 
days pnor to operation, and to contmue this therapy for several 
days after operabon The best guide to the need for vitamm K 
therapy appears to be the plasma prothrombm level of the pabent 
Hence frequent prothrombm measurements have been recommended. 
It has been suggested that even those pabents with normal pro- 
thrombm values be given prophylacbc doses of vitamm K. (Butt, 
Snell and Osterberg (52)) 

Many different sources of vitamm K. have been used m the treat- 
ment of the vitamm defiaency m obstruebve jaundice Diets con- 
tammg a large number of vegetables known to have a high vitamm K 
content (42) as wdl as synthebc naphthoqumones with vitamm K. 
acbvity (54, 117, 146, 224) have been used 

All of the ongmal vitamm R therapy was earned out by the use 
of rclabv ely crude vitamm K concentrates The choleic aad-vitamm 
K prepambon oi Almqmst and Rlose (11) was used with success 
by Cohn and Schmidt (59) This preparabon would ehminate the 
need of separate admmistrabon of bile salts if the vitamin K. is given 
by mouth Successful use m pabents of the synthebc vitamm K 
preparabons, phthiocol (54, 224), synthebc vitamm R, (117), 
2 methyl-1 ,4-naphthoqumonc (146), 2-methyl 1 ,4-diacetyl naphtho- 
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hydroqumone (146), and l,4-diliydroxy-2-methyl-3-naphthaldeliyde 
(229) have been made 

Viosterol was bebeved to be a value m cbeckmg or preventmg the 
bleedmg tendency’- m jaxmdice (43, 168) However, oral adnunistra- 
tion of yitarnm D with bile salts m bibar}’- fistula dogs (222) had no 
effect on the protbrombm level Wigodsky and Ivy (257) assayed a 
vitamm D preparation for vitamm K, and could detect none m it 

The dosage of vitamm K that is required to give the best pro- 
thrombm response has not been studied m any exact manner As 
pure sjmtbetic compounds are now available, and with the adoption 
of some standard umt system, this information should be forthcoming 
m the near future. The Iowa group (47) ongmally used the eqmvalent 
of 200-400 gm alfalfa meal daily Dam and Glavmd (70, 71, 74) 
used a daily dose up to 45,000 Dam umts mtramuscularly Butt, 
Snell and Osterberg (52) used dosages equivalent to approximately 
150-800 gm alfalfa From the assay of cerophyl, it appears that 
Rhoads (205) used the equivalent of about 20-100 gm alfalfa meal 
daily The dosage of the synthetic compounds has varied, dependmg 
on the route of administration and on the \’itamm K potency of the 
compound KoUer (146) used a smgle dose of 90-180 mgm of 2- 
methyl-l,4-naphthoqumone This compoimd as well as several of 
the other simpler forms of the 1 ,4-naphthoqumones appear to be 
somewhat imtatmg to mucous membranes KoUer (146) gave four 
health}’- persons 180-200 mgm of the 2-methyl compound No ab- 
normahty was noted except for nausea In rabbits a dose of 30 mgm 
per kilogram bod)’- weight produced no sjTnptoms In dogs, however, 
m doses of 15-30 mgm per kilogram, given mtramuscularly, 2-methyl- 
1,4-naphthoqumone caused vomiting, albummuna, and porphyn- 
nuna In mixtures of this compound and hemoglobm m vitro, methe- 
moglobm formed In doses comparable to that given to patients 
(3 mgm per kilo body weight), no abnormahty m dogs was noted 
Although thorough toxicological studies of these compounds have 
not been made, it appears that in amounts which are highly effective 
m correctmg a -vitamm K defiaency, the compounds are not toxic. 

A number of different routes of administration of the -vitamm have 
been tned Most of the data on -vitamin K therapy for the hypo- 
prothrombmerma of obstructive jaimdice are related to peroral ad- 
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ministration This route has been highly effective except m those 
patients who were unable to retain the vitamm because of vomiting 
Butt, Snell and Osterberg (52, 53) have advised givmg the vitamm 
and bile salts directly mto the duodenum with a duodenal tube m 
certam cases with a greatly prolonged plasma prothrombm tune or 
with active bleedmg Stewart and Rourke (233) have performed a 
jejunostomy at the time of operation m certam cases and have used 
this route for the administration of the vitamm 

With subcutaneous mjections of vitamm K concentrates, Greaves 
(124) observed a rise m the prothrombm level m his vitamm K defi- 
aent rats In vitamm K-defident chicks, however. Dam and asso- 
aates (76) failed to obtain a response by this route with emulsions of 
vitamin K. concentrates, unless the concentrates were heated first with 
desoxj’chohc aad 

Intramuscular administration of vitamm K concentrates was used 
by Dam and Glavmd (70, 71, 74) m their ongmal studies of patients 
with obstructive jaundice The concentrate was given daily for 
3-5 days, after which time the R-value was shortened considerably 
Sunilar results have been reported by Tage-Hansen (236) Roller 
and Wuhnnann (147) also used the mtiamuscular route The rela- 
tive efficacy of this route and duodenal administration is shown m a 
case they reported Repeated mtramuscular injections of a total of 
500,000 Dam imits of vitamm K failed to mcrease effectively the pro- 
thrombm level, as mdicated by the plasma prothrombm time After 
the administration of 1,000,000 Dam imits of the vitamm along with 
bile salts by duodenal tube, bleedmg ceased promptly and the pro- 
thrombm tune was nearly normal 14 hours later Butt, Snell and 
Osterberg (52, 53) have given the vitamin m peanut oil mtramuscularly 
m a few cases With few exceptions, they observed no prothrombm 
response with this therapy From the data available, it appears that 
vitamm K concentrates arc absorbed more slowly when given by 
mtramuscular injection than by mouth In patients with a bleed- 
mg tendency, it would seem that the hematomas at the ate of m- 
jection would interfere further with absorption 
Intrapentoncal mjecUon has been found to be an effective means of 
admimstcrmg the vitamm in rats (115, 124, 125) 

Intravenous admmistration of emulsions of vitamm K have been 
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used successfully by Dam and Glavmd (74) m clucks with obstructive 
jaundice and high R-values, and by Tage-Hansen (236) m patients 
with high R-values The first reported use of mtravenous therapy 
of a known vitamin K preparation was by Smith and coworkers (223, 
224) and practically simultaneously by Butt, Snell and Osterberg 
(54) Phthiocol (2-methyl-3-hydroxy-l,4-naphthoqumone) was very 
effective m doses of 40-100 mgm A nse m prothrombm was 
observed m less than 24 hours m aU the cases studied No toxic reac- 
tions have been reported Snell and Butt (229) made similar ob- 
servations with mtravenous mjections of 5-10 mgm of 1,4-dihy- 
droxy-2-methyl-3-naphthaldehyde This route appears to be ideal, 
especially m those cases m which there is nausea and vomitmg, or 
m which there is mterference with absorption from the mtestme 

Sroith and assoaates (224) stated that they observed no benefiaal 
effect foUowmg the admmistration of the vitamm and bile salts with 
retention enemas 

It would seem that when more is known concemmg the synthetic 
compounds havmg vitamin K activity and the relative effectiveness 
of vanous routes of administration, a better and more standardized 
mode of vitamm K therapy will be adopted 

Many cases of obstructive jaundice with a low prothrombm level 
respond poorly or not at all to vitamm K therapy The failure of 
response to vitamm K m certam patients was recognized first by 
Bnnkhous, Smith and Warner (47) In the patients to which they 
refer there was evidence of extensive hver damage which was re- 
sponsible, at least m part, for the jaundice m these cases As has 
been shown, hver damage wfil cause a hypoprothrombmenua with- 
out any obvious vitamm K defiaency The experimental data avail- 
able all pomt to the necessity of a hver m a good fimctional state for 
the production of prothrombm, and the failure of patients with hver 
damage to respond to vitamm K therapy is understandable Greaves 
(124) observed that rats with obstructive jaundice, and presumably 
with some hver damage, responded more slowly to vitamm K ad- 
mmistration than rats with a bdiary fistula, which presumably have 
less hver damage Butt, SneU and Osterberg (53) also have ob- 
served m patients with evidence of marked hver damage a delayed 
response, and m one case, no response to vitamm K therapy How- 



PLASMA PROIHEOitBrN, VITAMIN L. 


393 


ever, they have noted many cases with severe hver damage who were 
able to mamtam a normal prothiombm level with vitamin K therapy 
In patients havmg a vitamm K deficiency complicated by hver dam- 
age, It appears that larger amounts of the vitamm are required for an 
mcrease m the prothrombin level (228, 234) There is no adequate 
experimental data available concerning this question 

Infection with compheatmg liver damage has been mentioned as 
a possible cause of failuie to respond to the vitamin by Stewart (231) 
and by Greaves (125) 

Other reports of patients with jaundice and a hypoprothrombmemia 
which failed to regiond to vitamm K therapy have been made by 
Quick (198), Rhoads (205), Olson and Menzel (186) and others 
Data are not available m these cases to know whether some of them 
would have responded to larger amounts of either the vitamm or the 
bile salts 

6 Blood transfimoiis In hypoprothrombmemia, the plasma con- 
tent of prothrombm may be meteased somewhat by blood transfu- 
sions (130, 152, 197, 222, 231, 234) Although the mcrease m pro- 
thrombm rarely exceeds 10 to 15 per cent, this may be sutfiaent at 
times to raise the prothrombm above the cntical level, thus con- 
trollmg hemorrhage temporarily It would seem that, if available, 
a concentrated prothrombm preparation would be much more effec- 
tive m raismg the prothrombm level of the blood 

Hemorrhagjc disease of the nerwbom 

Low and variable plasma prothrombm levels m the newborn and 
m early infancy, and the presence of an extreme hypoprothrom- 
bmemia m hemorrhagic disease of the newborn were recognized m 1937 
by Bnnkhous, Snuth and Warner (46) Since then, further studies 
on the low prothrombm level m normal infancy have mdicated a 
possible relation to a vitamin K defiaency These mvestigations m 
normal mfants have contributed much to our understandmg of hemor- 
rhagic disease of the newborn, and they will be considered first. 

The above workers (46) observed uniformly a reduction m the plasma 
prothrombm levels m the newborn and throughout infancy Blood 
obtamed from the umbihcal cord at the time of birth showed con- 
siderable vanation m the amount of prothrombm present. Values 
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vaned from 14 to 39 per cent of the normal adult control value 
Dunng the first eleven days of hfe, values rangmg from 26 to 44 per 
cent of normal were obtamed Thereafter, there was a gradual nse 
m the prothrombm until a nearly normal level was reached at the 
end of ten and one-half months Maternal prothrombm determi- 
nation, both antepartum and postpartum, showed no significant 
variation from normal control values In a study of 50 newborn 
infants, low prothrombm values were reported also by McKhann and 
EdsaU (167) 

Owen, Hoffinan, Zrffren and Srmth (189) repeated the earher work of 
Bnnkhous and assoaates, and, m general, obtamed the same results 
They made more extensive observations dunng the first 10 days of 
hfe, and observed a transient fall m the prothrombm level between 
the second and sixth days of hfe This faU, however, was not es- 
peaaUy marked 

HeUman and Shettles (133) and Shettles, Delfs and Helhnan (218) 
confirmed the findmg of a low prothrombm level at birth Cord 
blood, m their senes, contamed about 22 per cent as much prothrom- 
bm as the mothers’ blood Shettles, Heilman and Delfs (133, 218) 
also have studied a total of 17 premature infants and have found the 
average prothrombm level to be only about one-third that of full- 
term mfants, that is, less than 10 per cent of the value of the mothers 
No hemorrhages were observed m this group of premature mfants, 
however 

A number of studies of plasma prothrombm m the newborn have 
been made, usmg the one-stage prothrombm time tests Stnkmg 
discrepancies were found m comparison to the results obtamed by 
the two-stage test Quick and Grossman (201) observed normal 
plasma prothrombm tunes m a group of 8 mfants, 3 to 7 days of age 
Later studies by Owen and assoaates (189), Quick and Grossman 
(202) and Waddell and Guerry (247) showed, however, that a van- 
able and often marked prolongation of the prothrombm tune occurs 
from about the first day through the sixth day of hfe In general, 
however, a normal prothrombm tune was observed at buth, and 
normal values were obtamed agam after the sixth day of hfe Owen 
and assoaates (189) observed a prothrombm value as low as 15 per 
cent of normal on the sixth day as judged by plasma prothrombm 
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time, and a low value of 18 per cent on the fifth day by the bed- 
side test. The lowest values observed by Quick and Grossman 
(202) were 7 per cent of normal, as detenmned by the plasma pro- 
thrombm time Nygaard (184) confirmed the findmg of a normal 
prothrombm tune at birth and a variable and marked prolongation 
durmg the first to the sixth day of life He observed a delayed 
prothrombm time as early as 10 hours after birth 
In their studies of dotting time m the newborn. Dam, Tage-Hansen 
and Plum (82, 83) observed a moderate mcrease m the R-values 
(R = 1 3-8 0) from the first to sixth days of life 
As mdicated above, there are marked and constant differences 
m the plasma prothrombm level of infants, as obtained by the one- 
stage and the two-stage methods These differences have not been 
explamed completely As has been pomted out previously (p 336), 
a number of factors influences the conversion of prothrombm to 
thrombm, and any changes m the prothrombm conversion rate 
carmot be evaluated by the one stage prothrombm methods alone 
In mfancy there may be certain factors operatmg which allow a bet- 
ter utilization of the small amounts of prothrombm present Changes 
m prothrombm convertibflity and maeased avmlablhty of thrombo- 
plastm have been suggested (189) It would appear, however, that 
any such mechanism is msuffident to compensate for the declme m 
prothrombm which occurs between the first and the sixth day of 
life, and with either the one- or two-stage methods, a fall m pro- 
thrombm durmg this penod is observed 
With the findmg of a normally occumng hypoprothrombmemia 
in infancy by Bnnkhous, Smith and Warner (46), it appeared entirely 
logical that certam cases of idiopathic hemorrhagic disease m the new- 
born might well be the result of an exceptionally low prothrombm. 
This was mdicated from their study of one case (46) dunng the pened 
of hemorrhage, which occurred on the fourth to the nmth da) Ti*' 
prothrombm was extremely low — below S per cent of the normal z^J,t 
value The hemorrhagic tendency was completely controlled ir 
transfusion and ten days later, the prothrombm was at the IZ 
cent level, a normal value for infants of this age WaddeS, Ck-err 
Bray and KcIIcy (248) and Waddell and Gueny (247) also-'oten^'^a 
case of bleedmg m the newborn On the third day o' is.*-*- was 
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oozing from a puncture wound over a penod of twelve hours and the 
prothrombm tune of plasma was 6 mmutes m contrast to normal 
values of less than 25 seconds McEhann and EdsaU (167) deter- 
mined the plasma prothrombm tune m three mfants suffermg from 
hemorrhagic disease of the newborn The prothrombm values ob- 
tamed were 5, 10-15, and 25 per cent respectively m these patients 
Nygaard (184) has reported the largest senes of patients with hemor- 
rhagic disease of the newborn m which plasma prothrombm was 
studied In his 9 cases, the plasma prothrombm time vaned from 
50 to 110 seconds, exceedmg m each case the normally prolonged 
prothrombm time of mfants of the same age Hemorrhages and 
the delayed prothrombm times were observed m each case between 
the 10th and 120th hours of life Rhoads (205) also studied a case of 
hemorrhagic disease of the newborn and found the prothrombm time 
to be 600 seconds Thus, m each of these 15 cases of hemorrhagic 
disease of the newborn, there has been evidence of a low plasma 
prothrombm level 

The recogmtion of the r61e of vitamm K m prothrombm production 
led to the study of a possible relationship between this vitamm and 
the hypoprothrombmemia of the newborn The first such studies 
were made by Waddell, Guerry, Bray and KeUey (248) and by Wad- 
dell and Guerry (247) The latter authors found that administra- 
tion of vitamm K to a group of 10 normal infants ehmmated com- 
pletely the usual prolongation of the prothrombm time HeUman, 
Shettles and Delfs (133, 218) also observed that the plasma prothrom- 
bin level IS raised by feedmg vitamm K to normal newborn mfants 
Treatment of one twm each of 4 sets of twms resulted m a pro- 
thrombm level of approximately one and one-half tunes that of the 
untreated twm They observed m addition that a similar rise m 
the mfantile prothrombm level could be ob tamed by admmistration 
of the vitamin to the mother either before or durmg labor Nygaard 
(184) also has treated several newborn infants with vitamm K In 
most of his cases, the usual delayed prothrombm time did not de- 
velop Dam, Tage-Hansen and Plum (82, 83) treated with vitamm 
K. two 4-day old infants havmg R-values of 8 and 4 Four hours 
after mtravenous mjection of vitamm K, the R-values were 2 5 and 2 
respectively 
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Waddell, Guerry, Bray and Kdley (247, 248), Nygaard (184) and 
Rhoads (205) have treated with vitamin K a total of S cases of hemor- 
rhagic disease of the newborn m which actual bleedmg occurred 
In three of these cases m which the bleedmg was external and m 
which vitamin K was the only therapy, hemorrhage ceased promptly 
and the plasma prothrombm time became normal or nearly normal 
m 2 to 10 hours after the beginnmg of the therapy 
In summary, a total of 15 infants diagnosed hemorrhagic disease 
of the newborn have shown m all mstanccs a low quantitative pro- 
thrombm level or a prolonged plasma prothrombm time This 
findin g and the cessation of hemorrhages with a rise m the plasma 
prothrombm level mdicate that the hypoprothrombmemia is the 
dottmg defect responsible for the hemorrhagic tendenty Only 5 
of the reported cases of hemorrhagic disease of the newborn have 
been treated with vitamin K The prompt recovery followmg vita min 
K therapy m these patients as well as the benefiaal effects of the vita- 
nun m normal infants mdicate that a vitamm K defiaency is probably 
responsible for these cases of bleedmg However, there is a ques- 
tion whether the cessation of hemorrhage m the treated cases was 
merely comadental with spontaneous recovery The study of a 
larger number of patients should answer this question 
No experimental data are available which would indicate the rea- 
son for a vitamm K defiaency and the spontaneous recovery in the 
newborn Defiaent vitamm K reserves of the mfant and an made- 
quate dietary source of the vitamm after birth have been suggested 
as possible causes Jaundice appears to have no relation to the 
defiaency Quick and Grossman (202) have pomted out that the re- 
covery penod comades with the penod m which the bacterial flora of 
the mtestme develops They have made the mterestmg suggestion 
that suffiaent vitamm becomes available with bacterial growth to 
correct the defiaency ^Vhether or not any of these suggestions are 
of importance m the pathogenesis of this disease has yet to be deter- 
mmed by experimental study 

There appears to be a considerable difference in the prothrombin 
level at which hemorrhage occurs m the newborn and m adults 
Brmkhous, Smith and Warner (45) found levels as low as 14 per cent 
of the normal adult value at birth without the occurrence of hemor- 
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rhage Smularly, Owen and Jissoaates (189) foiind m one patient 
a level of 6 per cent on the sixth day by the two-stage method, and 
Quick and Grossman (202) observed two 1-day old infants with pro- 
thrombm levels of 7 per cent, as judged by the plasma prothrombm 
time None of these patients showed a hemorrhagic tendency In 
contrast, similar low levels m adults have been assoaated unif ormly 
with a hemorrhagic tendency Although a large enough group of 
infants has not been studied to dete rmin e the prothrombm level at 
which bleedmg is likely to occur, it does appear that infants do not 
develop a bleedmg tendency unless the hypoprothrombmemia is 
extreme. As pomted out above, some compensatory mechanism 
which msures the fullest use of the available prothrombm may be 
active m early mfancy 

Hemorrhagic sweet clover disease 

A bleedmg diathesis which develops m cattle followmg feedmg of 
spoiled sweet clover hay was descnbed ongmally m 1922 by Scho- 
field (212) Subsequent studies on the development, chnical course, 
and morbid anatomy of this disease were made by Schofield (213), 
Rodenck (208), and Roderick and Schalk (210) The disease is 
characterized by a prolonged whole blood clottmg tune and a bleed- 
mg tendency which is commonly fatal Hemorrhages m cattle 
usually occur only after the hay has been fed for about 4 weeks 
Young a nim als appear to be more susceptible to the disease than older 
ones Even though hemorrhages are not present, the animals with 
a prolonged clottmg time are potential bleeders, and large economic 
losses have been suffered by dehommg or castratmg animals m which 
the latent form of the disease was not recognized Rabbits and sheep 
are also susceptible to the disease, but it rarely occurs m horses 

The nature of the clottmg defect m this disease was studied by 
Rodenck (209) He showed by a senes of quahtative tests that there 
IS probably a hjipoprothrombmemia Prothrombm, prepared by 
Howell’s acetone techmque, reduced the clottmg time to an approxi- 
mately normal value either by mixin g m vitro with the mcoagulable 
blood or by mtravenous mjection Also, active prothrombm prepara- 
tions could not be obtamed from blood of the afflicted animals His 
studies of fibrmogen, calaum, clottmg inhibitors and platelets showed 
no abnormahties 
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Qmck (197) likewise observed a reduction m the plasma prothrom- 
bin m the experimentally produced disease m rabbits When the 
prothrombm level, as judged by the plasma prothrombm time, was 
below 10 per cent that of normal rabbits, the hemorrhagic tendency 
developed 

Although the prothrombm defiaency m this disease appears to be 
well established, the mechanism by which toxic sweet dover depresses 
the prothrombm level is not well understood Schofield (213) ob- 
served m the fulmmatmg cases of this disease central h\ er necroses 
which at times were very extensive, mvolvmg a whole hver lobule 
In chrome cases, fatty metamorphosis and hydropic degeneration of 
the hepatic cord cells were promment Roderick (208) also found 
hver necroses, but they were focal m distnbution, and occurred only 
m about half of his cases The hver changes ate somewhat similar 
to those seen m acute and chrome chloroform mtoxicabon, but 
whether or not the hver damage is suffiaent to cause the hypopro- 
thrombmemia m this disease has not been detennmed 
A possible relationship of this disease to vitamm K was suggested 
by Quick (197) From his experiments he conduded that small 
amounts of alfalfa m the diet were effective m prevenlmg the disease 
or in arrestmg the progress of the disease Ether extracted alfalfa 
meal appeared to be as effective as non-extracted alfalfa meal, a 
findmg which would suggest that vitamm K, at least a fat soluble 
form, was not the matenal responsible for the protective action of 
alfalfa However, Qmck stated that the important means for con 
trolhng this disease is by givmg a diet containing alfalfa He sug- 
gested that the beneficial effect of alfalfa is exerted by supplymg an 
accessory food factor required for prothrombm formation m the 
body 

Smith (225, 226) has made an extensive study m over 150 rabbits 
of the effect of feedmg alfalfa on sweet dover disease He was un- 
able to confirm Quick’s findmg Instead, he reached the condusion 
that alfalfa exerted no mflucncc, cither prophylactic or curative, on 
this disease. He observed marked differences m the susceptibility of 
rabbits of similar age to toxic sacet dover This work indicates the 
nccessit) of testmg anunals for susccptibilit> to the disease before 
usmg them m any experimental studies with toxic sweet dover hay 
From the data asTiilable, it appears that hemorrhagic sweet dover 
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disease is a toxic disease, unrelated to a vitamm K defiaency How- 
ever, there are no data which would indicate definitely the manner in 
which the mtoxication affects the plasma prothrombm level 

Smith and Brink (227) have given evidence that the toxic material 
IS elaborated m the hay durmg curmg m a reaction mvolvmg cou- 
marm, the compound responsible for the charactenstic sweet smell 
of newly mown sweet clover and also m part responsible for the 
bitter taste of the clover A non-bitter species of clover did not be- 
come toxic by the same curmg process as did the bitter speaes of 
clover, and further, toxic alfalfa hay could be produced by addmg 
coumarm to it before curmg The toxic alfalfa hay produced the 
same disease m rabbits as did the toxic sweet clover hay Evidence 
mdicates that coumarm itself will not produce the disease (210, 227) 
It IS hoped that isolation of the toxic prmaple will allow a more care- 
ful experimental study of the mechanism of the prothrombm defi- 
ciency m hemorrhagic sweet clover disease 

OtJier condttums 

1 Sprue Fancom (97), m 1938, reported six patients with sprue 
who had a bleedmg tendency and a prolonged coagulation tune 
Calaum and fibrmogen contents of the blood were found to be nor- 
mal He suggested that the bleedmg tendency is related to the ab- 
normal absorption of fats m this disease, and a vitamm K defiaency 
was postulated However, Dam and Glavmd (74) and Engel (96) 
found normal plasma prothrombm values m their cases of sprue In 
later studies, Clark, Dixon, Butt and Snell (58), Butt, SneU and Os- 
terberg (53) and Hult (139) found a moderate hypoprothrombmemia 
m a total of 4 cases of this disease None of these patients exhibited 
a hemorrhagic tendency The two cases reported by Butt, Snell and 
Osterberg had prothrombm levels, as determmed by the two-stage 
method, of 47 per cent and of 62 per cent of normal Hult’s patient 
had an mcreased R-value (6 5 to 8 5) 

Hult (139) treated his patient with vitamm K, given oraUy, for 
4r-5 day penods on several occasions With this therapy, the R-value 
was reduced to a normal or nearly normal level, only to return to a 
high value when vit amm K administration was discontmued The 
benefiaal effect of vitamm K was noted both with and without ac- 
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companying bile salts, while a regnncn with bile salts alone was inef- 
fective 

Although only a few cases have been studied, it appears that a 
hypoprothiombinenna, due to a vitamin K defiaency, occurs at tunes 
m sprue Because of the relatively rare occurrence of a hemorrhagic 
diaiesis m this disease, however, it would appear that a marked vita- 
mm K defiaency is uncommon 

2 OtJier tntesitnal lestons Clark, Dixon, Butt and Snell (58) and 
Butt, Snell and Osterberg (53) determmed the plasma prothrombm 
levels m 13 patients havmg diverse mtestinal lesions Included m 
their studies were patients with mtemal and external mtestmal fistula, 
chrome ulcerative cohtis and mtestmal obstruction A marked 
dimmution m plasma prothrombm was found in many of these 
patients, and m three, hemorrhage, due apparently to a low plasma 
prothrombm level, occurred Admmistration of vitamm K cor- 
rected the hypoprothrombmemia. The vitamm K defiaency m 
these patients, they believe, was due to an msuf&aent amount of 
normal mtestmal mucosa for adequate absorption Certam other 
factors, as diarrhoea, long contmued aspiration of bile and duodenal 
contents and toxic hepatitis, appeared to be important adjunctive 
causes of the vitamm defiaency and hypoprothrombmemia. 

Stewart and Rourke (232) also have reported a reduction m the 
plasma prothrombm m patients with chrome ulcerative cohtis 
Treatment with a vitamm K.-chohc aad mixture resulted m a gradual 
elevation of the prothrombm level 

3 Arltfictally induced fever Wilson and Doan (260) have studied 
the hemorrhagic tendency which occasionally occurs ioUowmg arti- 
ficial production of fe\er Followmg hyperpyrexia, they found m 
all instances a reduction m the number of blood platelets In addi- 
tion, a few of the animals showed a decrease m the amount of pro- 
thrombm and fibnnogen, due apparently to hver necroses Sunilar 
findmgs were noted m their patients followmg induced fevers, except 
that the fibnnogen was normal in all cases Hypoprothrombmemia 
was most marked withm the 24-hour penod followmg fever therapy 
The hemorrhagic diathesis m this condition is probably not due to a 
h>poprothrombmcmia alone, smcc a thrombr^xmia was invariably 
present also 
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4 Anemia neonatorum, icterus grams neonatorum and congenital 
hydrops R-values in six infants belonging to this group were de- 
termined by Dam, Tage-Hansen and Plum (82, 83) The patients 
varied m age from one day to 26 days In aU mstances the R-value 
was high, it was over 300 in four of these patients In two of the 
three patients treated with vitamin K there was a prompt return of 
the R-value to approximately normal 

5 Hemophilia In hemophiha the prothrombm content of the 
plasma is normal in amount (44, 71, 74, 203, 211, 232) With a 
normal plasma prothrombm level, one might expect that vitamin K 
would be meffective m reducmg the clottmg time or m controUmg 
the hemorrhagic tendency m this disease The reports of Dam and 
Glavmd (74) and of Scanlon and associates (211) have mdicated this 
Cheney (57) obtamed divergent results by mtramuscular mjections 
of the vitamin m one patient 

It IS well established that the delayed clottmg of hemopluhc blood 
IS assoaated with the slow conversion of prothrombm to thrombm 
(44, 91) and it has been suggested that there is a quahtative defect 
m prothrombm which is responsible (1, 91) However, no rigid ex- 
perimental test of this hypothesis has been possible Bnnkhous (44) 
found that addition of extremely small quantities of thromboplastm 
caused the prothrombm m hemophihc blood to be converted mto 
thrombm at a normal rate, a fact which offers no support for the the- 
ory of a quahtative defect m prothrombm m this disease 

6 Miscellaneous Certam other diseases m which spontaneous 
hemorrhages occur — acute leukemia, thrombocytopemc purpura and 
aplastic anemia — ^have been found to have a normal plasma prothrom- 
bm content (74, 211, 232) A normal prothrombm level m the 
presence of a low platelet content of the blood gives mdirect support 
to the evidence previously ated that platelets are not the source of 
prothrombm 

Moderate reduction m the prothrombm level (60-90 per cent of 
normal), but without a bleedmg tendency, has been reported by 
Stewart and Rourke (232) m such diverse conditions as chrome 
lung abscess, rectal caremoma and malnutrition, chronic duodenal 
ulcer, and melanoma The basis of such moderate hypoprothrom- 
bmemia has not been determmed 
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In normal animals, there is prompt restoration of the plasma pro- 
thrombm level to a normal value foUowmg repeated bleedings. Even 
the removal of very large amounts of blood, either by repeated hem- 
orrhages or by plasmapheresis, fails to reduce the plasma protbrombm 
level (251) Also, no marked changes m the prothrombm level 
were observed m mcoagulable “peptone plasma” or “India ink 
plasma" (251) 

Although the fibrmogen is mcreased greatly m dogs with eipen- 
mental abscesses or distemper, the prothrombm level remains normal 
(251) 

It has been suggested that there may be some relationship between 
menorrhagia and metrorrhagia and vitamm K Wiles and Maurer 
(258) have prepared on umdentified hpid from hver which is stable 
to saponification and which, they state, is effective m the control 
of utenne bleedmg Although no prothrombm studies nor vitamm 
K assays have been done, they have suggested that this preparation 
IS similar to Lichtman and Chambers’ hver sterol (150), which has 
been reported to possess vitamm K activity A case of multiple 
retmal hemorrhages which improved foUowmg administration of a 
hemp preparation havmg vitamm K activity has been reported (SO) 
No prothrombm detemunations were made 

Mason and Smith (162) found a marked prolongation of the plasma 
prothrombm time m chicks depicted of vitamm A and m chicks fed 
the pellagra like ‘T" ration of Rmgrose, Noms and Heuser In 
spite of extreme prolongation of the plasma prothrombm times (over 
5 mmutes), the whole blood clottmg times were normal and there 
was no evidence of a hemorrhagic tendency The influence of 
vitamm K on the clottmg disturbance was not tested 
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RHEUMATIC HEART DISEASE PATHOGENESIS AND 
ETIOLOGA" IN THEIR RELATION TO THEILAPY 
AND PROPHAX AXIS' 

HOMER F SWIFT MD 

From tho Hospital of The Rockefeller Institiile for iteflcal Research 

A disease may be considered pnmanlv from the viewpoint of an 
individual or from that of a group The first is the one assumed be- 
tween the physiaan and patient, the second embraces the rela- 
tions between societ) at large and its constituent members who 
arc afllictcd wnth the malady under consideration Each disease 
presents its own particular problems both m individual diagnosis and 
therapcusis and in possible provision for mass treatment and prophj 
laxis Indeed proph>laMS ma> embrace not only the elimination of 
a disease, but the prevention or diminution of late sequelae or of unto 
ward complications, for example, \vc now consider that effective thcr 
ap> earl> in sj^ihilis probably obviates late cardiovascular disease, 
tabes dorsalis and paresis AATitn anj disease assumes such numerical 
proportions that society must provide for its vnetims, then society will 
probably demand that prophylactic measures be attempted 
On the other hand, the nature of the problem of an individual or 
of a group of individuals can be understood onlj bj careful study of 
the life history of the disease under discussion, b\ the analysis of 
numerous cases and by much thought concerning the manner in which 
the observed phenomena may be altered Even though the causation 
of a disease may not be entirely' clear, it is important to study its course, 
and to discover factors which influence amelioration or recovery, in 
contrast to those which lend to physical deterioration or death It 
now IS generally admitted that multiiilc causativ e factors arc opcrativ c 
in the pathogenesis of many diseases, and particularlv docs this seem 
to be true in rheumatic fever and rheumatic heart disease For an 

' Flrit John n Wicknll Leclntc for 193*1-1910 rresented ol Ncn Vork Unocnsitj 
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intelligent understanding of either the physician’s or society’s attitude 
towards this disease a clear contemporary picture of pathogenesis and 
etiology are requisite 


PATHOGENESIS 

The noxious agent injures pnmanly the supporting structures of 
the body, viz , the collagen and elastica Microscopic evidence indi- 
cates that usually each focus of injury is minute, but that the total 
number of foci may be myriad The mildest mjury appears to be a 
swelling of the ground substance between the fibrils (so-called early 





Fig 1 Focal Fibrinoid Degeneration in Mural Endocardium of Patient A L 
Who Died on 10th Da\ of Third Attack of Rheumatic Fever X 100 


infiltrate or fibrinoid degeneration, 1 (see Fig 1)), the severest injury 
leads to actual necrosis of the fibres (see Fig 2) The immediate 
response to these injunes is inflammation with certain peculiarities 
For a variable but relatively temporar}'^ period the classical features 
of edema, redness, local heat and acute pain m certain structures indi- 
cate the exudative nature of the reaction Bedside observation dem- 
onstrates the large amount of simple edema fluid that can accumulate 
m the tissues, aspirated synovial fluid contams many wandenng cells 
such as granulocytes, mononuclears and microphages, and m biopsy 
sections these cells are found throughout the involved structures (see 
Figs 3 and 4) It is therefore obvious that the exudate is often much 
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more massive and extensive than the demonstrable focal mjurt to the 
collagen, and the tumefaction may render the mxohed tissue more 
vulnerable to other injurious influences 

“Vn almost pathognomonic peculianty of articular and periarticular 
rheumatic exudates is the manner m which thex disappear under ad 
equate dosage of certain antipyretic drugs Moreover, these stnkrng 
exudative features may be absent later in the disease when prolifer- 
ative manifestations indicate continuing or renewed injury to the 



Fig 2 SiNou. Vekrcca on Aortic \aux or Paticnt F C Wuo Dito 
VN-DER Amestoesia ON THE IDm Day or ute First Attack of 
Riituhatic FrYmi 

"Vote the small area of focal necroNis in tLsue under the \eiTuca X 170 

tissues It seems as though enough immunity or resistance were set 
up to lessen the sexenty of the tissue reaction but not to obxnate it 
completely That this altered tyjre of response is no figment of the 
imagination is proxed by the appearance of subcutaneous notlules 
(see Fig 5) without any dcmonstrible macroscopic edema, or bx the 
occurrence m the chronic txr>c of disease of small areas of pleurisy or 
pcncarditis xxithout a serous exudate Moreoxer, these prerlominantly 
probferatixe lesions max appear xvhen the patient is receixing large 
doses of antirheumatic drugs and nodules cxaseel from a jntient under 
such drug thcrapx contain extensne areas of fibnnoid degeneration 
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It, therefore, is important to realize what our medicaments do and 
do not accomphsh, and not to rely on them to the exclusion of other 
important therapeutic measures 

The rheumatic granuloma, which m the heart is represented by the 
Aschoff body (see Fig 6), and in the subcutaneous nodule by a con- 
glomeration of subrmliary nodules (see Figs 6 and 8), is made up of 



Fig 3 Diffuse Edema and Slight Cellular Infiltration in Aortic Valve of 
Patient F C (See Fig 2) X 100 

a mass of proliferative cells which have probably ansen from pnrmtive 
resting mesench)mial cells (2) It is the peculiar arrangement of 
these cells which gives the submihary granuloma, the Aschoff body, 
m the heart its typical appearance , in subcutaneous nodules they are 
less regularly arranged, m the heart valves, endocardium and larger 
blood vessels they are still more bizarre both m shape and distribution 
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Doubtless the number and arrangement of these cells in any given 
area are conditioned on one hand by the intensity of the injurj , and 
on the other by the amount and architecture of affected collagen and 
elastica Therefore what seems at first glance like a mde morpho- 



Fio 4 IvniSEr IsnLTHATiov of PotinournoNDCiXAR Crui in MrniAL \ aut or 
I’ATirvT 11 D , Who Dikd of HvTEiumiExiA on thf 14Tir Da\ of His 
S rcmsn Attaci. or RnruuATic Tiaxh X 300 

logical \anctj of lesions can all be reduced to a comparatnclj simple 
pathological entity 

The granuloma cells arc graduallj transformed into fibroblasts 
which la> down varvmg amounts of scar tissue, and thus in the healed 
areas there is finallj much more collagen than existtil onginallj (sec 
rigs 10 and 11) This increase of a substance which is espcaallj 
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or covered, m the case of the heart, with mesothehum The heart 
may be regarded as a modified part of this vascular tube, which, be- 
cause of Its anatoimcal and physiological pecuhanties, is rendered 

















Fig 8 Rheumatic Graxuloma ix Three-M’eek-Oid Subcutaneous Rheumatic 

Noduee X 270 



Fig 9 Rheumatic Granuioma in AIttral Vae\u: or Patiekt A B , Who Died on 
15th Day or Second Attack or Rheumatic Feiu:r 
Note hoi\ the endocardiiun is broken o\ er the granuloma X 100 

speaally wlnerable to the “rheumatic poison ” Numerous investi- 
gations withm the past two decades have estabhshed the widespread 
mvolvement of the blood vessels m rheumatic fever, and the coronary 
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artcnes and veins seem to share speaally in this process (sec Fig 12) 
Because excessive motion and functional strain are apparcntl) im- 
portant elements in localization of the rheumatic injury , both the 
heart and its blood vessels would appear to be pccuharl} vulnerable 
Numerous postmorten examinations on subjects djnng in the first tuo 
or three weeks of an attack of rheumatic fever hax e nou established 
the earliness of extensive lesions (sec Figs 1,4,9 13) In these cases 
the fatal outcome xvas an index of the sexenty of the attack, but in 



tio 10 Fxttnsu-e Scam in AIxocabdiou or rA-ncNT I, S , Wiio Died or Cahdiac 
tAiLVRr FjcirrcrN \rjiM Am r Trasr Attick of Ritccuatic Fiter. X 51 

the heart of one fexer free patient who succumbed to an anaesthetic 
on the nineteenth dot after the onset of an apparently mild monocy die 
course, there were edema and cellular infiltrition of the aortic xalx'e, 
carlx mild interstitial inflammation of the mitral xalxe, and sjilitting 
of the clastica xvith early mural thrombus formation in the coronary 
artery (sec Figs 2, 3 and 12) Only one small xcmica y\as found on 
the aortic xalxe with a very small necrotic focus underlying it Fhis 
unique cast and also similar findings in subjects of accidental deaths 
in yyhom rheumatic fexxir xvas not susjicctcd dunng life demonstrate 
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how insidious may be the development of the lesions (3) Moreo 
the careful microscopic examination of all of the valves of pati 
dying of rheumatic carditis has established the presence of infl 
mation in valves, especially of the right side of the heart, w 
appeared normal macroscopically (4) There is a considerable b 



Fig 11 Marked Thickening op Aortic Valve, Patient H M (Pig 7 
Verruca formation at site of impact Many neu formed blood vessels imder venti 
lar aspect of valve Granulomata in valve nng X 12 

of evidence mdicating that the valve rings are primarily involved, £ 
that from them the inflammation extends into the leaflets (5,6) 'I 
close relationship of the four fibrous valvular annuli to one anot 
easily accounts for the direct extension of the inflammation from ( 
valve to another (7) Indeed, it is difficult to understand how a 
of the valves escape once the rheumatic process is estabhshed in 
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fibrous structures forming their attachments so mtimateh arc thev 
related, and so incessant is their mo\enient 
This raises the question of the reason for the greater frequenev and 
sevent> of verruca formation and permanent thickening of the imtral 
and aortic valves It can host be explained b> the greater amount of 
functional trauma to which these two valves are subjected In the 
following order mitral, aortic tncuspid and pulmonic valves, respec- 
tively, are the stress and strain to which they arc submitted progres 
sivcly reduced, and in the same order arc thej the bearers of \errucae 
and the sites of scarring deformities Moreover, in the hearts of pa- 
tients who have had long standing mitral disease with heightened 



Tic 12 K«U.\ FvuASTLRlTlS IN COROSAUV Artfri ot Patii^ F C (Sec Fir 2) 
(Flastica Stmn ) X 50 

pulmonarj artcnal pressure, and finallj have suffered an acutely fatal 
attack of rheumatic fever, verrucac arc much more frcqucntlj found 
on the tricuspid valves than they occur on the tricuspid valves of 
those subjects who have succumbed rclativclv carlj In these patients 
vnth long standing heart disease the hjpcrtrophj of the nght side of 
the heart has doubtless created dynamic conditions in that side of the 
heart comparable to those normallv existing in the left side and thus 
the ph) siologlcal trauma of the inflamed valves is much increased 
The influence of increased work or trauma on the localization of 
cardiac lesions has rccentlv been stnkingl) illustrated cvpcnmentallv 
bj I’carcc (8) in rabbits infected cither mlravenousK or intratestic 
ulariv wath varus III Without trauma onlv small cardiac Icsionswere 
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how insidious may be the development of the lesions (3) Moreover, 
the careful microscopic examination of all of the valves of patients 
dying of rheumatic carditis has established the presence of inflam- 
mation m valves, especially of the right side of the heart, which 
appeared normal macroscopically (4) There is a considerable body 



Fig 11 Masked Thickening of Aortic Valve, Patient H M (Fig 7) 
Verruca formation at site of impact Many nen formed blood vessels imder ventricu- 
lar aspect of vaK e Granuloma ta in valve ring X 12 

of evidence mdicatmg that the valve rings are pnmanly involved, and 
that from them the inflammation extends mto the leaflets (5, 6) The 
close relationship of the four fibrous vahoilar annuli to one another 
easily accounts for the direct extension of the inflammation from one 
valve to another (7) Indeed, it is difficult to understand how any 
of the valves escape once the rheumatic process is established in the 
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fibrous structures forming their attachments, so intimatelj are the\ 
related, and so incessant is their mocemcnt 
This raises the question of the reason for the greater frcquenci and 
seventy of verruca formation and permanent thickening of the mitral 
and aortic valves It can best be explained by the greater amount of 
functional trauma to which these two valves are subjected In the 
followmg order mitral, aortic, tncuspid and pulmonic valves respec- 
tively, are the stress and strain to which they are submitted progres- 
sively reduced and m the same order are thev the bearers of v errucac 
and the sites of scarnng deformities Moreover in the hearts of pa- 
tients who have had long standing mitral disease mth heightened 



Frc 12 rsDASTEems tv Coronaky Arttrv or Path NT F C (Sec Fio 2) 

(Flastica Stain ) y 50 

pulmonarv' artenal pressure, and finally have suffered an acutely fatal 
attack of rheumatic fev er, vcrrucac arc much more frequently found 
on the tncuspid valves than they occur on the tncuspid valves of 
those subjects who have succumbed relatively early In these patients 
WTth long standing heart disease the hypertrophy of the nght side of 
the heart has doubtless created dynamic conditions in that side of the 
heart comparable to those normally existing m the left side, and thus 
the physiological trauma of the inflamed valves is much increased 
The influence of increased work or trauma on the localization of 
cardiac lesions has recently been stnkingly illustrated cxpenmcntally 
b\ Ptarcc (8) in rabbits infected cither intravenously or intratcstic- 
ularlv with virus III Without tnumaonlj small cardiac lesions were 
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induced, functional trauma following injection of gum acacia : 
resulted in a relatively large number of right heart lesions, 
mjectionswere followed by relatively more left heart lesions, anc 
punctures resulted m the highest proportion of pericarditis 
experiments confirmed the previous observations of Clark ai 
(9) and of Nedzel (10) concermng the influence of gum acacr 
tions and pitressm on the induction of endocarditis in amn 
fected with bactena 



Fig 13 Fkesh Lesion in a Blood Vessel in Mitral Valve 
This vessel v as probably formed as a result of a previous attack of rheumatic fe\ 
Patient A. B (see Fig 9) X 450 

With such evidence in mind, it is interesting to speculate upon tl 
possible therapeutic effect of reducing the work of the left heart, i 
a patient with active rheumatic carditis, to that of the level of th 
nght heart until the inflammation had subsided Obviously, this i 
impossible, but some measures are applicable which might keep thi 
demands upon the heart at the lowest possible level For example 
the toxic and febnle condition accompanying rheumatic fever are both 
characterized by rather marked increase in the heart rate , and the mere 
fact of having active inflammatory lesions m the myocardium doubt- 
less IS a factor in accelerating the rate Whatever other beneficial 
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effect IS obtained from the use of antirheumatic drugs, the falling pulse 
rate that accompanies the disappearance of fever lessens the work of 
the heart to a considerable degree For example, the reduction of ten 
beats per minute results in a total of 14,000 fewer per day The 








Fir 14 Acn\x Curomc Vasculitis is Iuac Arttki or Patilnt H S (Sec Fic KT) 

X 80 


phvsiological response to exertion is often accompanied b> an acccl 
erntion of 20 to 40 beats per minute in patients with acti\ e or subacute 
rheumatic carditis Reduced phj'sical exertion, therefore, has a di 
rect influence on diminishing the number of heart beats and saxang the 
heart a material amount of damage 
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A definite illustration of the influence of physiological trauma m 
conditioning locahzation of obvious reactions is seen in the joints where 
the arthritis is first manifest in rheumatic patients In the greater 
number, the signs appear in the knees and ankles, joints most subject 
to physiological trauma, but m people, such as laundresses or seam- 
stresses, who specially subject their hands and arms to stress, the local- 
ization often occurs earliest in these overworked joints We have also 
seen instances where mjury to a single joint was the startmg point for 
a second bout of polyarthritis If inflamed joints were kept in motion 
incessantly, it is highly probable that chronic deformities would occur 
m many patients with rheumatic fever There is, in fact, a certain 
amount of experimental evidence indicating this possibility For 
example, Vaubel (11) sensitized rabbits to horse serum and then in- 
jected this serum into one knee joint Arthritis was induced m that 
joint alone when the animals remained quiet, but daily forced move- 
ments or very light percussion of the opposite knee, without any other 
injury, resulted in a chronic arthritis in the over-active joint 

The effect of physiological trauma in inducing an acute disease to 
become chronic is again illustrated in the work of Drs Smadel, Farr 
and myself (12, 13, 14) Rats in which acute nephritis was induced 
with a specific nephrotoxic serum tended to recover when the dietetic 
nitrogen intake was reduced to a ver}'^ low level Many of the animals 
receiving even a normal amount of nitrogenous food eventually died 
of chronic nephritis, and all of those in which the nitrogen was at an 
abnormally high level developed fatal renal and vascular diseaise 
Moreover, the rapidity of the development of this chronic disease 
varied m three different strains of rats We thus had two vanable 
factors internal environment (i e amount of nitrogen handled) and 
hereditary susceptibility of the different strains An important con- 
sideration was that even though the original trauma was acute and of 
short duration, the development of chrome disease was conditioned by 
the amount of work the kidneys were forced to perform 

Possibly the lessons learned from these expenments can be carried 
over to the problem of the rheumatic heart In many instances, the 
inflammation resulting from the disease doubtless persists for months 
If now, we consider that a structure, such as the heart valve, which is 
injured by an infectious agent is also subject to another kmd of trauma. 
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physiologic m nature, it is not at all unlikely that the sevent) of in- 
flammation and consequently the extent of resulting scar formation 
13 much greater than would have resulted had that structure been 
kept absolutely at rest, or, in the absence of complete rest at the low- 
est possible level It is perhaps not vnthout significance that the 
vcrrucae form usually along the line of impact of the mlvular leaflets, 
one on the other Strain is also put on the chordae tendinae, which 
frequently arc the sites of both xemicae on the surface and of inflam- 
matory areas in the intenor (see Figs 7 and 15) Thickening of these 
structures and fusion wnth their neighbors and with the mural endo- 
cardium, is one of the common reasons for marked deformity of the 



Fin 15 Focal Tsterstitiai VALi-nuni 
TncuApid ^*al\c of patient \ 1 fS« Flp 1) XIost marketi lesion at site of attach 
ment of ^orda tendlnca X 44 

mitnl xuilvcs It is also possible that the extensile motion to which 
the coronary blood vessels arc subjected accounts in part, for the 
frequency with which these particular vessels are inioKetl in this 
disease Granted that prolonged rest is indicated as a therapeutic 
measure, it then becomes a public health problem to determine how 
that indication can be most cllccliiclv and economically met 

FACTORS or IXFECnOE 

IVhilc the exact manner m which rheumatic fever is induced is not 
as yet clear, the disease has all of the car marks of being infcctional 
m nature ^t present, the hcmolvtic streptococcus seems to bear a 
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A definite illustration of the influence of physiological trauma m 
conditioning localization of obvious reactions is seen m the joints where 
the arthntis is first manifest in rheumatic patients In the greater 
number, the signs appear in the knees and ankles, joints most subject 
to physiological trauma, but m people, such as laundresses or seam- 
stresses, w'ho specially subject their hands and arms to stress, the local- 
ization often occurs earliest m these overworked joints We have also 
seen instances where injur}'- to a single joint was the starting point for 
a second bout of polyarthritis If inflamed joints were kept in motion 
incessantly, it is highly probable that chronic deformities would occur 
m many patients with rheumatic fever There is, in fact, a certain 
amount of expenmental evidence indicating this possibility For 
example, Vaubel (11) sensitized rabbits to horse serum and then in- 
jected this serum into one knee joint Arthritis was induced in that 
joint alone when the animals remained quiet, but daily forced move- 
ments or very light percussion of the opposite knee, without any other 
mjury, resulted in a chrome arthntis in the over-active joint 
The effect of physiological trauma in inducing an acute disease to 
become chronic is again illustrated in the work of Drs Smadel, Farr 
and myself (12, 13, 14) Rats in which acute nephritis was induced 
with a specific nephrotoxic serum tended to recover when the dietetic 
nitrogen intake was reduced to a very low level Many of the animals 
recemng even a normal amount of nitrogenous food eventually died 
of chronic nephritis, and all of those m which the nitrogen was at an 
abnormally high level developed fatal renal and vascular disease 
Moreover, the rapidity of the development of this chronic disease 
varied m three different strains of rats We thus had two variable 
factors internal environment (i e amount of nitrogen handled) and 
hereditary susceptibility of the different strains An important con- 
sideration was that even though the onginal trauma was acute and of 
short duration, the development of chronic disease was conditioned by 
the amount of work the kidneys were forced to perform 

Possibly the lessons learned from these expenments can be carried 
over to the problem of the rheumatic heart In many instances, the 
inflammation resulting from the disease doubtless persists for months 
If now, w'e consider that a structure, such as the heart valve, which is 
injured by an infectious agent is also subject to another kind of trauma, 
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Epidemwlogy 

Climaans have long observed that rheumatic fever is frequently 
preceded by upper respiratory infections, notably tonsilhtis or pharyn- 
gitis, which we know now are usually caused by hemolytic streptococa 
Dunng the first World War, Glover (23) studied the relabonship of 
tonsilhtis to the occurrence of rheumatic fever m young recrmts m 
army trainmg camps and noted that the same conditions of crowdmg 
that were accompamed by marked rises in memngococcus earner rate 
seemed to play a role m raising the tonsilhtis rate, which m turn was 
followed by the occurrence of many cases of rheumatic fever m these 
recrmts When smtable provisions were made for preventing the 
spread of streptococcal infections, both the tonsilhtis rate and the 
madence of rheumatic fever dropped practically to ml More re- 
cently, Green (24) has made similar observations m groups of j ouths 
housed on Bnbsh traimng ships The frequent admission (weekly or 
fortmghtly of new recrmts to these ships resulted m an almost constant 
occurrence of hemolytic streptococcal upper respuntory infections 
among the boys under traimng The epidemiological phenomena re- 
sembled closely those described by Topley and Wilson (25) and by 
Webster (26) m studymg paratyphoid infections in mouse populations 
to which new members were frequently added When the admissions 
of recruits were spaced to three months mtervals, the madence of 
streptococcal infections dimmishcd markedly and the rheumatic fever 
rate among these boys dropped correspondmgly Comparable ob- 
servations concerning the relationship of rheumatic fever to tonsilhtis 
and pharyngitis in Enghsh public school boys have been made by 
Glover and GnfiSth (27) and by Bradley (28) , and in these studies, the 
types of hemolytic streptococa recovered were determined In the 
above-ated epidemics the rheumatic fever m the majonty of the boys 
was the first that these patients had cxpcnenced There are now nu- 
merous reports of ward epidemics among previously rheumatic 
patients, or among patients who were convalesong from the recent 
acutely active disease Colhs (29), and Cobum and Pauli (30) have 
studied completely the relationship of group A hemolytic streptococa 
to these epidemics and have established quite definitclj that Uus tjpe 
of infection was b> all odds the most prevalent It is also evident 
from numerous reports that patients may suffer hemolytic strepto- 
coccal infections of the upper respiratory tract without immediately 
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more intimate relationship to the disease than any other known path- 
ogemc agent In recent years, the possible relationship of a filterable 
virus has been discussed The first suggestive evidence was the re- 
ported agglutmation of so-caUed “elementary bodies” by the serum of 
patients in the active stages of the disease by Schlesmger and co- 
workers (15) and Eagles et al (16) These “elementary bodies” were 
obtained by high speed centnfugation of rheumatic exudates Re- 
cently, however, Eagles and Bradley (17) have demonstrated the non- 
specific nature of the reactions, because “elementary bodies” obtained 
from exudates of patients with several different arthritic diseases were 
agglutmable in the serum of patients with various types of arthritis 
The possibility that pleuropneumoma-hke microorganisms might have 
some etiological relationship in rheumatic fever (18) has now been 
fairly definitely disproven both by ourselves and several other in- 
vestigators (19, 20, 21) In addition to the lack of direct demonstra- 
tion of either a filterable virus or pleuropneumonia-like rmcroorgamsms 
in the blood, exudates or tissues of rheumatic fever patients, it has so 
far been impossible to mduce, m any of the ordinarily employed labo- 
ratory animals, lesions closely resemblmg those of rheumatic fever, 
nor has the clinical course of the disease been reproduced in these 
animals In order, therefore, to obtam some hints concerning the na- 
ture of a possible infectious agent we are forced to evaluate certain 
phenomena that occur during the penod prior to the onset of an attack 
of rheumatic fever as weU as others that take place dunng the course 
of the disease 

Here the study of hemolytic streptococcal infections in the patients 
seems to be of the greatest importance It has now been definitely 
established that among the various groups of hemolytic streptococci 
descnbed by Lancefield, the members of group A play, by far, the 
chief role in human infections (22) Moreover, members of the other 
groups, notably B and C, although frequently recovered from the 
upper respiratory passages of man apparently have little demonstrable 
pathogenic action in the earner except in very rare instances While 
cultural techniques may be valuable in differentiatmg the respective 
groups, by far the best method is that of immunological classification 
It wiU be understood, therefore, that in the subsequent discussion 
group A hemolytic streptococci are the microorganisms considered in 
their possible etiologic relationship to the disease, rheumatic fever 
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Eptdemtclogy 

Climaans have long observed that rheumatic fever is frequently 
preceded by upper respiratory infections, notably tonsiUitis or pharyn- 
gitis, which we know now are usually caused by hemolytic streptococa 
Dunng the first World War, Glover (23) studied the relationship of 
tonsilhtis to the occurrence of rheumatic fever m young recruits m 
army tr ainin g camps and noted that the same conditions of crowdmg 
that were accompamed by marked rises m memngococcus earner rate 
seemed to play a role m raising the tonsilhtis rate, which m turn was 
followed by the occurrence of many cases of rheumatic fever m these 
recruits When suitable provisions were made for preventmg the 
spread of streptococcal infections, both the tonsilhtis rate and the 
madence of rheumatic fever dropped practically to ml More re- 
cently, Green (24) has made sumlar observations m groups of youths 
housed on BnUsh trainmg ships The frequent adrmssion (weekly or 
fortmghtly of new reermts to these ships resulted m an almost constant 
occurrence of hemolytic streptococcal upper respuatory infections 
among the boys under trainmg The epidemiological phenomena re- 
sembled closely those described by Topley and Wilson (25) and by 
Webster (26) m studymg paratyphoid mfections m mouse populations 
to which new members were frequently added When the admissions 
of reermts were spaced to three months mtervals, the mddence of 
streptococcal infections diminished markedly and the rheumatic fever 
rate among these boys dropped correspondingly Comparable ob- 
servations concemmg the relationship of rheumatic fever to tonsilhtis 
and pharyngitis in English pubhc school boys have been made by 
Glover and Griffith (27) and by Bradley (28), and m these studies, the 
types of hemolytic streptococa recovered were determmed In the 
abovc-ated epidemics the rheumatic fever m the majonty of the boys 
was the first that these patients had capcncnccd There are now nu- 
merous reports of ward epidcnucs among previously rheumatic 
patients, or among patients who were convalescmg from the recent 
acutely active disease Colhs (29), and Cobum and Pauh (30) ha\e 
studied completely the relationship of group A hemolj’tic streptococa 
to these epidemics and have established quite definitely that this type 
of infection was bj all odds the most pre%-alent It is also evident 
from numerous reports that patients may suffer hemolytic strepto- 
coccal infections of the upper respuratory tract without immediately 
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developing obvious rheumatic fever Therefore, the entire mechamsm 
and relationship is not entirely dear For example, (31) at Irvmgton 
House, durmg the season 1937-38, among about 100 children con- 
valescmg from rheumatic fever, 14 had pharyngitis due to a smgle type 
of group A hemolytic streptococcus, and 10 of them developed rheu- 
matic recurrences In the foUowmg year, 35 similar children m the 
same mstitution had upper respiratory infections with hemolytic strep- 
tococa of different t)rpes, but none developed rheumatic relapses In 
the same year, among 110 children of comparable age and seventy of 
cardiac damage due to previous rheumatic attacks, who were hvmg 
m their own homes, 11 per cent developed definite rheumatic relapses 
The bactenology m the latter group was not so carefully followed as 
m the mstitutional group The low mcidence or absence of rheu- 
matic activity m the institutional group, however, suggests that the 
better physical condition of these children may have played a part 
m their higher resistance 

Immunological reactions 

The course of events frequently observed has been descnbed by 
Cobum and Pauh (32) as follows Phase I, hemolytic streptococcal 
mfection. Phase H, quiescent, and Phase HI, rheumatic activity, it 
resembles closely that descnbed by Eschench and Schick (33) m scar- 
let fever patients who subsequently developed nephntis Dunng 
these penods, certam immune reactions can be recognized The one 
most discussed has been the nse m anti-streptolysm (anti-hemolysm) 
titre first observed by Todd (34) Subsequently, Todd (35) descnbed 
a second hemolysm produced by group A hemolytic streptococa and 
its correspondmg antibody The earher discovered one is now desig- 
nated streptolysm 0 (oxygen labile), the second one, streptolysm S 
(oxygen stable) Most patients with hemolytic sterptococcal infec- 
tions, whether they develop rheumatic fever or not, develop the two 
tjqies of antistreptolysms m their serum, and, as would be expected, 
the concentration of these antibodies vanes withm wide hmits as does 
the duration of significantly high titres Recently Todd, Cobum and 
Hill (36) have presented data, subjected to careful statistical analysis, 
which summarizes the reactions of several groups of their patients as 
follows The O antistreptolysm titre was relatively higher with ac- 
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bvity of the rheumatic process and decreased as this disease improved , 
and the S antistreptolj'sm titre was comparatively low durmg the ac- 
tive stage of the disease and mcreased with recovery from the rheu- 
matic symptoms On the other hand, many worker who have studied 
the 0 antistreptolysin production by patients with rheumatic fever 
feel that its chief value is an mdication that these patients are suffenng 
from hemolybe streptococcal mfeebons, mdeed, no one with extensive 
expenence with this phenomenon can doubt that these pabents show as 
high a proporbon of strong posibve reactions as do a corresponding 
group of patients known to be mfected with hemolybe streptococa 
but who were subsequently free from rheumabc symptoms As this 
reaction is quite specific m its connotabon, it can hardly be doubted 
that most pabents with rheumabc fever are sufiermg from either active 
or recent hemolybe streptococcal mfechon 

The anb-fibnnolysm btre (37) of most pabents with rheumabc fever 
IS also increased m the same manner as m pabents who have simple 
streptococcal mfeebons Recently, Boisvert (38) has noted that 
among rheumabc children a high anbstreptolysm btre usually per- 
sisted over a longer penod than among most nonrheumabc children 
suffenng from simple hemolybe streptococcal mfeebons Prolonged 
persistence of such speafic anbbodies is suggesbve that the stimulus 
to this antibody produebon, namely the hemolybe sbeptococa, is 
conUnually acbng 

The antibody reacbons above described are tested with antigens 
which are excreted into the media surrounding hemolybe streptococa 
Other types of immune bodies against mtraccllular components of 
hemolybe streptococa have also been studied, namely anb P (nuclco- 
protem) preapibns, anb C (group speafic carbohydrate) preaplbns, 
and anb streptococcal agglubmns None of these has been shown to 
have any sigmficant differential rclabonship even though they occur 
in the serum of pabents with this disease On the other hand, the 
preapibn formnbon against the type specific component, namely M 
substance, has been shown to be somewhat different in rheumatics and 
non rheumatics It is now established in mice and rabbits that anb- 
bactcnal immunity in the case of group A hemolybe sbeptococcal 
infeebons is dirccby connected with the development of so-called anb 
hi preapibns (39) Hodge and I (40) have compared anb M pro- 
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cipitin production by two groups of patients infected witb hemolyt 
streptococci, namely rheumatic and nonrheumatic, m these studie 
the strain recovered from each mdividual patient was employed f 
makmg the type-speafic M substance with which his serum was teste 
The majonty of nonrheumatic patients developed strong anti M pr 
cipitms by the fourth or fifth week Among the rheumatic patient 
two trends were detectable One group, m which short courses ar 
fairly quick recovenes were the rule, developed high anti M precipit 
titres early, the second group, charactinzed by long subacute cours 
of rheumatic fever, did not develop high anti M preapitin titres uni 
late in the disease Cobum (41) has reported similar differences b 
tween nonrheumatic and rheumatic patients infected with hemolyt 
streptococci These findmgs suggest that possibly the prolonged pe 
sistence of the disease is related to low type-specific immunity agam 
agamst hemolytic streptococci 

Post mortem cultures 

Still other evidence suggesting a pecuhar action of hemolytic strej 
tococci m the tissues of rheumatic fever patients has been recent! 
advanced from postmortem cultures, in work of Green (42) and Coll 
(43) Green states that he recovered vanous types of group A strej 
tococa from the valves or pencardium in eight out of nme subject 
who had succumbed The streptococci were recovered only froi 
pathological valves or pencardial exudate, and not from blood culture; 
and in five mstances corresponded m type with strains isolated fror 
throat cultures of the patients during life Colhs reported the reco\ 
ery of hemolytic streptococa m eleven out of seventeen fatal case: 
not only from the valves or pencardium, but also from pentonsiUa 
tissues, mediastmal lymph nodes and spleen Colhs was very con 
servative m interpreting the signifiaance of these post mortem cu! 
tures Obviously, because of the numerous failures of others t 
recover similar rmcroorgamsms from rheumatic lesions, the finding 
of Green and Colhs must be carefully checked by repeatmg thei 
techmques, but their reports are of mterest m connection with othe 
evidence here discussed 
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Chemoprophylaxts 

Another test of possible relationship of streptococcal mfecbons to 
rheumatic fever is the action of such an antistreptococcal agent as 
sulphanilarmde It has now been fairly definitely established that the 
drug has no curative action when given to patients with rheumatic 
fever (44) , neither does it appear to prevent the disease m rheumatic 
subjects infected with hemolytic streptococa, if it is not given until 
after this infection has been established (45) On the other hand, 
Cobum and Moore (46) have recently reported that rheumatic chil- 
dren in the quiescent stages of the disease, who received the drug m 
2 or 3 gram doses durmg the entire school year, apparentlv were pro- 
tected from recrudescences of rheumatic fever Among 184 subjects, 
who could tolerate the drug over this long period, pracbcally none 
developed hemolytic streptococcal mfecbons and only one developed 
rheumabc fever Among a comparable group, not receivmg this drug, 
35 per cent developed hemolvbc streptococcal mfecbons of the upper 
respiratory tract and 20 per cent had rheumabc relapses It is m- 
teresbng that the drug could be tolerated over so long a period, and 
the observaUons certainly warrant repcatmg, but the well recogmzed 
toxic acbon of the sulphanilarmde group of drugs indicates that such 
invcsbgation should be earned out with the greatest of care m order 
to detect any tone effects early and thus to obviate as far as possible 
senous drug compUcabons 

While all of the foregomg evidence suggests strongly that there is 
a dose conneebon between hemolytic sbeptococcal mfecbons and 
rheumatic fever, it docs not eslabhsh definitely the mechanism by 
which the peculiar course of events recognized as rheumabc fever is 
set up The streptococcal infections may be merely the detonators 
which set off the explosions called rheumabc fever, which in turn may 
be actually due to some other infeebous agent On the other hand, 
the tissues of rheumatic pabents may conceivablj react in a peculiar 
manner to this bacterial infection Parbal, but not complete immu- 
nity of the rheumabc pabent to these streptococa would cxplam how 
the microorganisms retain only a low grade imtativc capaaty m the 
tissues, and a reacbvc state of the tissues, called hj-perergy, would ac 
count for the manner m which the tissues might respond to a \'cry 
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small stimiilus In any event, from a public health viewpomt, 
protection of these patients from repeated hemolytic streptocc 
mfection apparently offers some hope of preventmg recurrence 
rheumatic fever Espeaally are such prophylactic measures i 
cated m those subjects who have previously suffered from this disc 
and who are so hable to develop serious cardiac cnpphng if they 
penence recurrences 

SUMMARY 

An attempt is made to descnbe the manner m which cardiac 
vascular damage develop as a result of rheumatic fever, and how 
final picture results from either repeated msults to important tis 
or from a long-contmued low grade inflammatory process Atten 
is directed towards the importance of functional trauma in locah: 
the permanent damage and scamng to certam structures, and to 
role of this functional trauma in helpmg to continue an inflammai 
process which might subside rapidly were complete rest attama 
as a corollary, prolonged physiological rest is mdicated to keep s 
ring at the minimum The factor of mfection in rheumatic feve 
apparently closely related to the action of group A hemolytic st 
tococa, hence an important element in prevention of relapses is ] 
tection from such streptococa A consideration of these factor 
necessary either m handlmg a rheumatic mdividual or m framiri 
larger general program Elsewhere (47, 48) are presented other 
tures of rheumatic fever, such as the probable size of the problem 
environmental mfluences which are amenable to alteration 
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THE MECHANISM OF HYDROGEN TRANSPORT IN 
ANIMAL TISSUES 

VAN R. POTTER 

From tht UcArile Umortal Laioratory for Cancer Research, The UnhersUy of 'Wsseortnn 

A discusaott regarding the mechomsm of hydrogen transport in ani- 
mal tissues should perhaps be prefaced with the premises on which it is 
based Among the major premises involved here are the following 

1 That knowledge of certam of the chemical events which occur in 
hvlng cells may be obtamed from in ntro reconstruePons of those 
events from defimte chemical entities 

2 That most biological oxidations ore in reahty the removal of by 
drogen from the compound oxidised, as was suggested by Wieland 
(109, 122) 

3 That the hydrogen of metaboUtes reaches oxygen m virtually every 
case through the intermediary action of certam vital catalytic 
agents (collectively referred to as biocatalysts in this discussion) 

The first point docs not imply that %n snlro studies constitute the sole 
approach to the problem of biological oxidations The results oh 
tamed with in viiro studies merely show what reacbons can take place 
when certain specified reactants are mixed It then remams for 
further studies under more nearly in rtuo conditions to show what 
reactions actually do take place m the presence of the unknown 
biocatalysts which may effect side reaePons m living cells It is 
realized of course that the term in vtiro covers a wide range of experi- 
mental condiPons, ranging from experiments with survivmg tissue 
shces to experiments m which the idenPty of every reactant is known 
With reference to the third point, the biocatalysts of tissue onda 
tions may be classified roughly as enzymes and as carriers Since 
there is considerable disagreement as to the nomenclature and das 
sificaPon of these biocatalysts it becomes necessary to arbitrarflv 
define the terms as used here This discussion will be on the basis of 
hj-drogen earners, and remarks on the enzymes will be inadcntal to 

Ml 
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their relation to the earner compounds A earner compound will he 
defined as any compound which by virtue of its ability to be oxidized and 
reduced functions in the transport of hydrogen or electrons from tissue 
metabolites to oxygen The earner can exist in an oxidized form and 
m a reduced form, and it functions by oscillatmg between the oxidized 
state and the reduced state Thus small amounts of a earner can 
catalyze the transport of large amounts of hydrogen, and hence the 
oxidation of large amounts of metabohtes The protems which are 
essential to the oxidation or reduction of the earner compounds will 
be called enzymes ^ An example of a complete hydrogen transport 
mechamsm is shown m Figure 1, which mcludes the known reactants 


Metabolite 


Pi CoH, P, FH, P, Fe++ p^ M-^- HiO 


2H 


2H 


2H 


2H 


2H 


Oxidized Metabobte Pi Co P* F Pi Fe"*^ Pi lOj 


Fig 1 ScHEKATic Representation of the Hydrogen Transport Mechanism for 
Metabolites Which Require Coenzyme I or Coenzyme H 
The horizontal arrows represent the path of hydrogen or electrons Pi, Pj, etc , refer 
to the protems only Thus Pi = dehydrogenase, Pj = protein of yellow enzyme, Pj = 
protein of cytochrome c, P 4 = protem of cytochrome oxidase Co represents coenzyme I 
or n, CoHj represents reduced coenzyme I or H, F represents flavm containmg compound, 
FHj represents reduced flavm compound, Fe^^ represents prosthetic group of cyto- 
chrome c, Fe++ represents reduced prosthebc group of cytoclmome c, M represents the 
hypothetical prosthetic group of cytochrome oxidase which presumably reacts with 
ozygen direcuy Cytochromes a and b are not mcluded since their status is still 
obscure The reactions mvolvmg cytochrome c may be written 

H + Fe+++ = H+ + c -b Fe+++ -*B+ + Fe++ 

In chemical terms the reaction catalyzed by Pi would be wntten 

Metabobte -f- Co Oxidized metabobte -f- CoHj 


of a complete system for the oxidation of the metabohtes which require 
coenz5Tne I or 11 Most of the mtermediates of carbohydrate metab- 
ohsm fall in this group of metabohtes New catalysts may be dis- 

* This concept of an enzyme is m conflict with that of the Warburg school (85, 117) 
but IS m harmony ivith that of the Cambndge school (33) and furthermore is supported 
by recent experimental work (34) m which it was shown that vanous dehydrogenases 
(protem only) could remove hydrogen from their speafic metabobte m the complete 
absence of the coenz}rme previously considered essential, provided that certam non- 
specific easily reduced compounds were present m place of the coenzyme Thus it appears 
that the enzyme is the protem and not the protein plus its coenzyme as was previously 
supposed The observation is so new that confirmatory hnes of evidence have not yet 
had time to appear, but if confirmed, this work will constitute an outstandmg contribution 
to our knowledge of the mechamsm of hydrogen transport 
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covered later -which will be found to serve as intermediates between 
some of the catalysts indicated here Howe-ver, it seems qmte clear 
that Pi m Figure 1 represents the various protems which act as 
dehydrogenases’ The metabohte and the oxidized coenzymc (Co) 
appear to be adsorbed on the protem molecule m such a way that 
hydrogen passes from the metabohte to the coenzyme The oxidized 
metabohte and the reduced coenzyme (CoHj) then dissociate from 
the protem and the process can be repeated with more metabolite and 
Co molecules It appears that the reduced coenzyme has a greater 
affimty for the protem Pj than the protem Pi The protem P» has as 
Its prosthetic group a fla-vm compound which functions as a hydrogen 
earner There appear to be several protems analogous to Pi and the 
fla-vin compounds are known m at least two types In the presence of 
Pi the two earners react, regencratmg the oxidized coenzyme (Co) 
and forming a reduced flann compound, which although dissoaable, 
has a dissoaapon constant many tunes smaller than that of the 
Pi CoHi complex We can consider the Pi Fe complex as cytochrome 
c which IS quite defimtely a earner in this system (51, 74, 90) If 
cytochromes a and 6 are mvolved m this reaction analogous complexes 
will have to be included in this scheme at the proper point It has 
been pomted out by Hogness (53a) that the reduced fla-vm compound 
almost certainly does not dissoaatc from Pi to reduce cytochrome c 
In other words the reaction between FHi and Fe+++ appears to re- 
quire both proteins Pi and Pi This is mdicated by the fact that the 
“old” yellow enzyme does not reduce cytochrome c, while a new 
yellow enzyme (51), having the same prosthetic group, -will re- 
duce cytochrome c very rapidly The protem Pi in Figure 1 repre 
sents the protein of cjtochromc ondasc which probably possesses 
an autoxidizable prosthetic group at present unidentified (60) In 
the case of the reaction between Fc'^ and M+++ it is to be assumed 
that both proteins Pj and Pi arc required It has been demonstrated 
cxpcnracntally that CoHiI can react with the P, F complex m the 
complete absence of Pi, and it appears that the coenzymes I and Ft 

* Tte ttvieitcr hu roorttd to the ujc ot the letter P with vunom lobicrlpt* to rtler to 
the varfoui proteini or groopt ot protems Inivlrcd In order to save space In the teat, 
nhen relerrine to the Dgurei. It appears that there are sci-cral Instances In which the 
reicrsible reduction ot a given carrier may be cataljicd by more than one protein 
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oscillate between proteins Pi and P 2 as they osaUate from the ox- 
idized to the reduced state There is however no evidence that the 
rema inin g earners osciUate m an analogous manner 
Figure 1 represents an attempt to mtegrate the present known facts 
into a scheme of hydrogen transport which will depict the path of 
hydrogen from metabohtes to oxygen It remams to be seen whether or 
not the path is as direct as mdicated and to what extent “anastomoses” 
occur Many compounds are known to be reversibly oxidized m 
cellular economy and hydrogen earner function has been attnbuted to 
many of these compounds It is here proposed to set up the vanous 
enteria which may be apphed from an experimental pomt of view, m 
order to determme whether or not a given compound is a earner m the 
mechamsm of hydrogen transport, and then to apply these entena to 
the various compounds which have been suggested to function as 
hydrogen earners 

For the present the defimtion of a earner as given above will be 
used regardless of the degree of dissoaation which exists between the 
protem and the group which is reversibly oxidized and reduced 
Included m this defimtion of earners are the foUowmg coenzyme I, 
coenzyme II, cytochromes a, i and c, nboflavm, and alloxazme ademne 
dmucleotide In addition to these compounds the foUowmg will be 
considered smee they have been suggested at one time or another as 
hydrogen earners Vitamm C, glutathione, adrenochrome, cocarbox- 
ylase, and vanous tissue metabohtes The latter will be considered 
m some detail smee their discussion mvolves the Szent-Gyorgyi 
theory as weU as the Krebs atnc aad cycle 
Among the entena of hydrogen earners may be hsted the foUowmg 

1 The compound must be a natural constituent of animal tissues 
All the compounds mentioned m this discussion satisfy this re- 
quirement 

2 The compound must be capable of bemg reduced by tissue prepa- 
rations at a rate compatible with the rate of oxidation of the sub- 
strates whose oxidation it is presumed to catalyze 

3 The reduced compound must be capable of bemg oxidized by tissue 
preparations at an adequate rate as m pomt 2 

4 The compound must be capable of catalyticaUy stimulatmg the 
rate of hydrogen transport m the ^stem under mvestigation 
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Rigid proof would require the preparation of a system free of the 
compound, which would function only if the compound were added 

The above criteria have all been applied at one time or another to most 
of the compounds which have been suggested to have earner function, 
but it now appears that it is possible for a compound to fulfill all of 
these requirements and still not function as a hydrogen earner In 
order to obtam a better understanding of the mechanism of acbon of 
these compounds as distinguished from earner function, a fifth 
requirement has been devised, namdy 

5 The compound must be directly reduced by one ^tem and directly 
oxidized by a second system which is not identical with the first 

Since the last pomt does not seem to have been apphed heretofore 
It seems desirable to state the reasons which led to its development 
Oxalacetate, as an example, occurs in tissue, can be reduced by 
tissues, and the reduced compound can be oxidized by tissues (107) 
Furthermore the compound produces increases in oxygen uptake 
greater than can he accounted for by the complete oxidation of the 
compound itself (99) Thus the first four requirements of a hydrogen 
earner as hsted above are met and it would seem from a casual ex- 
ammaUon of the facts that oxalacetate is mdeed a hydrogen earner 
On the other hand, the fact that the compound produces mcreases m 
oxygen uptake beyond the amount required for its own combustion is 
easily explained by the work of Krebs (66, 68) who has shown that 
this compound condenses ivith pyruvate to effect the further oxidative 
breakdown of that compound by a cycle of reactions which regenerates 
oxalacetic aad The fact that the compound can be reversibly re- 
duced by no means proves that it is a hydrogen earner, as is shown m 
Figure 2, which is a schematic representation of the Szent Gydrgyi 
theory usmg the system of notation employed m Figure 1 It is 
generally agreed at present that malic dehydrogenase and coenzymo I 
are required for the reduction of oxalacetate or the oxidation of 
malate (44, 107) Thus the oxalacetate malatc system represents 
not a stage m the main channel of hydrogen transport, but merely a 
blind alley from which hydrogen cannot proceed toward oxygen 
except at the pomt it came in That this is not merely an illusion can 
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be proved by chenucal equations If one considers the oxidation of 
CoHjI by fumarate through the intermediation of the oxalacetate- 
malate system accordmg to the Szent-Gyorgyi theory, the reactions 
may be wntten as follows 

(1) C 0 H 2 I + oxalacetate — > Col + malate 

(2) malate + Col oxalacetate + CoHjI 

(3) CoHjI + fumarate Col + succinate 


A mechamsm must exist for reaction (3), 1 e the oxidation of CoHjI by 
fumarate, whether Col was reduced by malate or by some other metab- 
ohte Furthermore smce reaction (2) is the exact reverse of reaction 



Fig 2 Schematic Representation of the Szent-Gy6rgyi Theory of Hydrogen 

Transport 

Gamers and enzymes abbreviated as m Figure 1 In addibon, Pi' represents mabc 
dehydrogenase, Pt represents fumarase, and P« represents succmic dehydrogenase In 
the theory all three cytochromes are mcluded although only c is shown here (See 109, 
pp 35-42) 

(1), no change has occurred m the energy content of the system and 
the net effect is that hydrogen has not been transported (See also 
13, 79, 88 ) 

The above points do not prove that oxalacetate is not a hydrogen 
earner and they have not been introduced for that purpose The 
pomts have been developed merely to show the need for a further type 
of experimental evidence to deade whether compounds such as 
oxalacetate fimction as hydrogen carriers It is entirely possible that 
oxalacetate is a hydrogen earner, and if so it should be possible to 
isolate two separate systems for its oxidation and reduction just as m 
the case of co 2 ymase The reviewer merely points out that thus far 
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this has not been done, and emphasizes that the first four cntena 
listed above fail to detect the weakness m the data which are used to 
show that any given compound is a earner As a matter of fact, many 
of the compounds which are generally accepted as earners have not 
yet been shown to fulfill all five requirements and although they 
probably do function as hydrogen earners, the mechamsm of this 
action IS stall unknown Cytochrome c is an outstandmg example of 
this situation 

One IS tempted to insist that a given compound be shown to be 
essential for a given reaction, but the possibihty that alternate trans- 
port mechanisms exist seems to forbid, the ngid apphcation of such a 
requirement 

On the basis of the above five requirements of a hydrogen earner, 
then, we shall proceed to examine the facts that are known with regard 
to compounds which might have earner function 

COENZYME I 

This compound is vanously known as coenzyme I, cozymase, 
diphosphopyndme nucleotide and the abbreviations Col and DPN 
The reduced compound is referred to as dihydrocozymase, reduced 
coenzyme I and as CoHiI or HiDPN Both coenzyme I and coenzyme 
n ate intcrestmg from the medical standpomt smee their functional 
group IS the amide of nicotinic aad, which has been found to be the 
anta pellagra vitamm (36, 98), and hence an explanation as to the 
function of the vitamin is at hand (35) 

The compound is widely distnbutcd* and may be specifically deter- 
mined on the basis of its catalytic properties (7) 

A number of metabohtes arc able to reversibly reduce coenzyme I 
m the presence of their spcafic dehydrogenases (Pi in Tig 1) Thus 
it has been shown that lactate (45), malatc (44, 107), fi-b>droxj' buty- 
rate (47), alcohol (76, 93), and glyccraldchyde diphosphate (6, 83, 120) 
all require coenzyme I for their oxidation in animal tissues, while 
glucose (27, 93), and glutamate (4, 39) apparently use Col or Coll 
Since most of these oxidations arc reversible it is possible for one 

* The teftrenco to the m«n> report* dnUlng with the dUtribotion Mid cbemhtiy ol 
cocnij-mcs I »nd IT and certiln other rorntiines are stven In the retent re\dew by Bm 
nunn »nd Stare (21) and wlD not be duplicated hcie. 
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metabolite to be oxidized by the oxidized form of another metabohte of 
higher potential (48, 120), thus (see also Fig 3) 

(4) glyceraldehyde diphosphate + Col -> diphosphoglycenc acid + C 0 H 2 I 

(5) CoHsI + pyruvate — > Col + lactate 

This type of reaction (dismutation) occurs m the absence of any of the 
biocatal 3 ^ts which transport hydrogen from CoHj to oxygen or under 
anaerobic conditions, and it is probable that all of the metabohtes 
which react with coenzyme I are in d 3 mamic eqmhbnum with each 
other even imder aerobic conditions However it must be remembered 
that, so far as is now known, the metabohte which accepts hydrogen 
caimot be reoxidized except by a reversal of the reducmg reaction, and 
then the net energy change becomes zero When metabohsm is 
proceedmg, the reduced form of the vanous metabohtes which take 
part m these dismutations are contmuaUy bemg formed and are 
consequently tendmg to reduce rather than to oxidize the coenzymes 
It IS qmte dear that reduced coenzyme I is oxidized m the presence 
of a protem correspondmg to P 2 m Figure 1 and that this protem is 
distmct from the dehydrogenase which reduces coenzyme I A 
number of enzymes of the P 2 type have been described m the hterature 
and all have proved to be flavoprotems These mdude the old yellow 
enz)rme ob tamed from yeast by Warburg and Chnstian (118), which 
has nboflavm phosphate as its prosthetic group, and vanous other 
preparations obtamed from animal tissues which have been suggested 
(3, 26) to be identical flavoprotems havmg alloxazme ademne dmu- 
deotide as their prosthetic, group These include Straub’s flavo- 
protem (106), diaphorase I of Euler et al (5, 3) and the coenzyme 
factor of Green and Dewan (26, 30, 46) Although none of these 
flavoprotems appear to be hnked directly to cytochrome c there is 
evidence that either they are modifications of an active form which 
does react with cytochrome c (51) or that a third biocatalyst such as 
cytochrome h is required for the reaction with cytochrome c (74, 90) 
At any rate it seems dear that reduced coenzyme I is oxidized by a 
flavoprotem and that rpqmrement 5 is fulfilled In a recent paper by 
Dixon and Zerfas (34) the foUowmg statement is made “Cozymase 
acts as a coenzyme because it is not only reduced by the dehydro- 
genases but is then reoxidized by other systems (flavoproteins, etc ).” 
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COENZYME n 

This compound is known as Warburg’s coenzyme, tnphosphopyr- 
idine nucleotide, Coll, or TPN, and the reduced form is referred to 
as reduced coenzyme II or merely CoHjII 

Coenzyme n is widely distributed throughout the vanous ammal 
tissues and has been isolated from red blood cells, from heart muscle, 
and from hver (21) 

The reduction of coenzyme H m the presence of specific enzymes 
from animal tissues is effected by hexose monophosphate (Robison 
ester) (30), and probably by its breakdown products (31, 32), as well 
as by iso-atnc aad (4) Coenzyme n is essential for the oxidation 
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of these compounds Glutamic aad (4, 39) and glucose (27, 93) use 
ather Col or Coll as hydrogen earners 
Dismutabons, or the oxidation of one metabolite by another, such 
as occur with coenzyme I, also appear to be possible in the case of 
coenzyme It Adler ct al (4), usmg an enzyme preparation contam- 
ing only protans of the Pi type, were able to effect rcacbons analogous 
to that shown m Figure 3 Thus iso-atnc aad plus a immoglutanc 
aad yielded a kctoglutanc aad and glutamic aad 
The oxidation of reduced coenzyme II has been reported to take 
place m the presence of vanous flavoprotems of the Pi type mduding 
Straub’s ilavoprotcin (106), Dewan and Green’s coenzyme factor 
(26, 30),anddiaphomseIIofEulcretal (2) Adler and Abraham (!) 
have reported that Straub's flavoprotcin and therefore presumably the 
coenzyme factor of Green and Dewan do not oxidize CoHjII In all 
of the abo\c cases the flavoprolan was linked cither to methylene 
blue or to oxygen ThcorcU (113) had reported cytochrome c re 
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duction With the old yellow enzyme and CoHjII but the rate was much 
too slow to be of physiological importance 
Haas, Horecker and Hogness have now reported the isolation from 
yeast of a new flavoprotem havmg a prosthetic group apparently 
identical with that of the old yellow enzyme (51) This flavoprotem 
appears to be the physiological mechamsm for oxidizmg CoH 2 n, 
smce it will catalyze the reduction of cytochrome c by CoH 2 n at a 
very rapid rate It is likely that the enz)mies previously obtamed 
do not represent the physiological mechamsm for the oxidation of 
reduced coenzyme H 


CYTOCHROME a 

This compound has never been isolated and is known only by its 
absorption spectrum (60) It has not been obtamed m solution and 
appears to be assoaated with sohd tissue particles On the basis of 
potentiometnc studies Ball (9) suggested that cyrochrome a is re- 
duced by cytochrome c and therefore functions between c and oxygen 
Cytochrome oxidase has not been obtamed free from cytochrome a 
However Tamiya and Ogura (110) placed cytochrome a before c m 
the transport scheme Keihn and Hartree (60) have obtamed evi- 
dence for the existence of a new cytochrome compound which has been 
called Uj and which may be identical with cytochrome oxidase How- 
ever neither a nor Cs were mcluded m Figure 1 smce they cannot be 
placed defimtely 


CYTOCHROME b 

As m the case of cytochrome a, this compound is known only by its 
absorption spectrum and has not been isolated (60) On the basis of 
measurements of oxidation-reduction potential, BaU (9) suggested 
that cytochrome b functions as a hydrogen earner between c and ear- 
ners of lower potential Lockhart and Potter (74) have pomted out 
that mdirect evidence mdicates that cytochrome b may be an essential 
link between coenzjrme I and cytochrome c but m the case of coenzyme 
H it has smce been shown by Haas, Horecker and Hogness (51) that 
it is possible to link this coenzyme directly to cytochrome c by means 
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of a new fiavoprotem m the absence of h The status of cytochrome h 
IS therefore not known at present Since cytochromes a and 6 are so 
unstable and smce they have not been prepared free from each other 
or free from cytochrome oxidase, it is difficult to assign a definite role 
to them, although Warburg considers that all three cytochromes 
function m an electron transpiort chain which is then hnked to oxygen 
by a fourth heme compound which is auto-oxidixable 

CYTOCHROME C 

In contrast to cytochromes a and b, cytochrome c is soluble m water 
and has been isolated m a relatively pure form which is active m re- 
constructed systems (58) The cytochrome c obtamed in the isolation 
process contains 0 34 per cent iron and has a molecular weight of 
16,500 More recently Theorell and Akesson (115) have proceeded 
further with the purification and have obtained cytochrome c with an 
iron content of 0 43 per cent It is however, the former prejiaration 
which is generally employed m reaction mixtures The compound 
has a wide distnbution m animal tissues (57, 101) and can easily be 
shown to be oxidized and reduced by animal tissues If a tissue 
preparation is strongly lUununated and ezammed spcctrophoto- 
metncally in the absence of oxygen, the oxidation of cytochrome c is 
blocked and the reduang systems of the tissue quickly reduce the 
earner, and the absorption band at 550 mp appears If urethane is 
added to block the reducing systems and oxygen is admitted, the 
oxidizing system functions, and the absorption band at 550 mp dis- 
appears Cytochrome c has been shown to catalytically stimulate 
oxidation of a-glyceropbospbate and succinate (86), of glucose (52), 
and of the Col linked metabohtes (74, 90) Cytochrome c appears to 
be oxidized by cydochromc oxidase, smce preparations of the latter 
which arc relatively free from cytochrome c, do not appear to oxidize 
any substrate unless cytochrome c is added (59, 103) Furthermore 
chemically reduced cytochrome c can be oxidized by cytochrome 
oxidase (40, S3) However since preparations of cytochrome oxidase 
contain cytochrome a and other biocatalysts it is not jiossible to say 
that cytochrome oxidase is the sole hnk between cytochrome e and 
oxygen 
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As for the reduction of cytochrome c, Warburg stated m 1938 (117) 
that the specific reductant of the cytochromes was unknown Succimc 
and a-glycerophosphonc dehydrogenases were the only dehydro- 
genases from animal tissues which Ogston and Green (86) were able 
to link with cytochrome c and the coenzyme systems appeared to have 
no connection with the compound This was one of the hues of 
evidence which led Szent-Gyorgyi to suggest that succmate plus its 
dehydrogenase represents the mechamsm by which the coenzyme- 
linked systems react with cytochromic c Recent work by Potter (88) 
however mdicates that hydrogen from coenzyme I systems may reach 
cytochrome c without the action of succmic dehydrogenase, and Haas, 
Horecker and Hogness (51) have linked a Coll system to cytochrome 
c by means of a new flavoprotem, m the absence of cytochrome h 
Until cytochrome oxidase is punfied to the extent that it is demon- 
strably free from “c)d:ochrome-reductase” the exact mechamsm of 
cytochrome c action must remam obscure but there seems httle doubt 
that cytochrome oxidase is distmct from the reductase and that cyto- 
chrome c is mvolved m the transport of hydrogen from a great many 
metabohtes to o:^gen 


RIBOFLAVIN PHOSPHATE 

This compound is also known as alloxazme phosphate, or alloxazme 
mononucleotide accordmg to Warburg’s system of nomenclature (117) 
On the basis of flavin determmations this compound and/or alloxazme 
ademne dmucleotide is widely distnbuted m animal tissues (114, 118) 
However, it should be pomted out that there have been no reports on 
the occurrence in ammal tissues of any flavoprotems having this 
compound as the prosthetic group, and the remarks to follow have to 
do with yeast It has been shown to catalytically stimulate the 
oxidation of reduced coenzyme 11 (112) 

Warburg has shown (117) that the specific reductants of nboflavm 
phosphate are the coenzymes I and H The flavm compound appears 
to be in combmation with a protem of the P 2 type (Fig 1) which also 
has an a ffini ty for the reduced coenzymes, and effects the oxidation of 
the coenzymes and reduction of the flavm phosphate Thus the 
\ flavm can be reduced either by stoichiometnc amounts of reduced 
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coenzyme I or IT, or by any of the metabolites which react with the 
coaizymes I or 11, plus the apprbpnate dehydrogenase, plus catalytic 
amounts of the coenzyme 

The oxidation of this earner, m the form of the old yellow ferment ' 
takes place directly with molecular oxygen (117) Since this reaction 
is not cyanide sensitive, and since the oxidation of the coenzyme- 
reqmnng metabohtes is sensitive to cyanide m mtact tissue prep- 
arations (86), it IS qmte likely that the direct oxidation of the leuco- 
flavoprotem by oxygen does not represent the physiological mech- 
anism This discrepancy now seems to be cleared up by the isolation ' 
from yeast of a new flavoprotem havmg the same prosthetic group, ' 
which 15 able to react with cytochrome c at a very rapid rate (51) 

This IS m harmony with the older observations on C3mmde sensitivity 
and probably represents the physiological mechanism The new 
enzyme however is (^n specific, and an analogous enzyme for Col 
has not been obtained in pure form 

ALLOXAZINE ADENINE DINUCXEOTIDE , 

This compound was found by Straub (105, 106) and by Warburg and ' "p ( 
Christian (119) to be the coenzyme of the d ammo aad oxidase of 
Krebs (62) which was shonm by Das (29) to require a coenzyme t 
Warburg reports its presence m all tissues so far examined, mduding , 
heart, hver and kidney, as well as m Jensen sarcoma He also suggested 
that the compound is probably assoaated with other enzymes since 
there is no parallelism between the amount of alloxazine adenmc 
dlnucleotidc and d armno aad ondase content of various tissues 

The latter idea was speedily confirmed by the findmg that the 
coenzyme factor of Dewan and Green (30) contamed alloxazine ade- 
nine dmuclcotide as its prosthetic group (26), i^j&^atmounccmcnt 
by Ball (10) that the compound appeared to be identical with the '' 
prosthetic group of xanthine oxidase Subsequent work however ’■ 
made the latter conclusion less certain and Ball (11) and Comm et al ' 
{IS) suggest that a higher flavin nudeoUde may be'involvcd The 
compound has been shown to be essential for the oxidation both of 
the d amino aads and the reduced coenzymes 

The carrier can definitely be reduced by vanous d-ammo aads in the 
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presence of the proper enzyme and m addition it is claimed by Dewan 
and Green (30) that either reduced Col or Coll will reduce the com- 
pound m the presence of the appropnate protein (Ps, Fig 1) How- 
ever, Adler and Abraham report that only Col is acted upon (1), and 
work by Potter (see 74) supports this latter view As we have seen 
above, a new en 2 yme which has nboflavm phosphate as its prosthetic 
group, will oxidize Coll (51) 

The physiological oxidant of the^r^duced adenine aUqxazme dinu- 
cleotide m animal tissues is stall unknown although it seems to be 
generally agreed that the c)d;ochrome system hes between the dmu- 
cleotide and oxygen Lockhart and Potter (74) have suggested that 
the present facts can be explamed by assuming that the dmucleotide 
IS oxidized by cytochrome h, which then is oxidized via cytochrome c, 
C)d:ochrome oxidase and oxygen It has not been possible to obtam 
an enzyme preparation m which the oxidizmg systems have been 
separated from the reducmg s)rstems and hence requirement 5 is not 
fulfilled, and it is impossible to analyze completely the mechanism of 
action of the dmucleotide 

In the case of the d-amino aad oxidase, the dmuc leotid e is rapidly 
^oxidized directly by molecular oxygen (106) but m the case of the Col 
oxidizmg enzyme (Pj, Fig 1) the dmucleotide is not autoxidizable (3) 
The physiological importance of the d-anuno aad oxidase is still un- 
known smce the d-ammo aads are not the naturally occurrmg type 

It IS the behef of the reviewer that all of the compounds thus far 
considered are almost certainly important components of the hydrogen 
transport mechamsm We shall now consider a number of compounds 
which may ultimately be shown to be carriers as important as any of 
those hsted above, but which at present seem backed by msuflSaent ev- 
idence to justify their mdusion m any particular part of the hydrogen 
transport mechamsm 

VITAMIN C (ascorbic ACID) 

This compound has been suggested as a hydrogen earner almost 
smce its discovery The many papers beanng on its chemistry and 
physiological fimction were summarized by King in 1936 (61) The 
vitamm occurs in virtually all animal tissues m amounts compatible 
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With hydrogen transport function It has been obtained m pure form 
and has been synthesized 

The reduction of dehydroascorbic aad (oxidized vitanun C) by i j 
animal tissues can be taken as an accepted fact Schultze, Stotz and 
Kmg (96) have studied the problem carefully and discuss the hterature 
As evidence that dehydroascorbic aad can be reduced by animal 
tissues they pomt out that (a) the compound has anti ascorbic aad 
action and (b) its administration leads to increased excretion of 
ascorbic aad m man and to storage of ascorbic aad m guinea pig 
tissues In addition these workers showed that dehydroascorbic 
aad IS rapidly reduced by suspensions of liver, muscle, intestme, and , 
erythrocytes Tl^ suggested_tbat the redjiction was non-enzymic ji * 
Md due to^irect reactionwith glutathione and fixed — SH compounds 1 1 t 
of the tissues, and reported that lodoacctate, arsemte and alloxan 
inhibited the reduction complete!^ 

Kang and co-workers have also studied the oxidation of ascorbic 
aad by animal tissues (102) They found that tissue preparations 
were able to catalyze the oxidation of the vitamin and concluded that 
the reaction was brought about by cytochrome oxidase plus cyto 
chrome c Experiments with copper inhibitors indicated that copper 
was not involved They also reported that the ondation of glu- 
tathione by a system which would oxidize vitamin C did not require 
the presence of the vitamm S mcc groups were the only known 
r cductant of the v itarmn Ac role of compound as a hydrogen 
earner remans questionable 

These workers further attempted to demonstrate earner function of 
vitarmn C in Ac oxidation of Ahydrocozy-masc, since Euler (37) 
mentions unpubhshed experiments in whiA Ac latter compound re- 
duced dAydroascorbic aad They (95) found no reduction of 
Ac oxidized vitamin by Ahydrocozymasc directly, and no stimu 
lation of a system consisting of glucose and its dehydrogenase 
plus coenzyme I and methylene blue However, Acre was no flavo 
protein added in Aesc experiments and Ae amount present in Ae 
dehydrogenase preparation must have been very small Thus Uic 
oxygen uptake of Ae preparation may ha\c been hmitcd by Ae re- 
action between CoH»I and methylene blue If Ae reaction between • 
the vitamm and Ae reduced coenzyme should require Ae flax oprotcin. 



VA/( K, /'OrcdiK 


Hi' v/HI If umy, Dk'k llim* (^yjinUimlf. vmthl noUmvo (“Ifjnloafwl Dtt* 
(linl flic oxidiml vlfnitilo cim Jm ((diiml hy Collal In (lin 
of llm ffihfur hiof’itlttlyfilii, 

liffihoi/k (I /il, (').')) n/nl lycnihri’f/ af, n), (70) hiwo hiifffy ti(vO lltaf 
(Ichydrayntiiiion JiiIkIiI l>fi nmniipllalmd In (t fiy/ilcni In wlilch 
/ncoibir juld fnnrfJonfd art n. ('nnlnc and Of'fUifol and Wluaitlay (91) 
Oliva Ihnl (Ita oyldallo// of hiifyila find mdo/df aclda, lull not 

fl liydioyyhiiiyiln iirld, wnn inidnlaliiad al a mla hy (lio 

)n’( W'lK'n of iitu'oihlr ncld. 

fii f^fillr of llio vioil iniiiihoi of jnijiarfi v/hlrh himi dead wlOi flda 
Mihjf'fl, v/o iif/ioo v/llli I'li'hnll'/A^f Ifiu'id’ and Kin// (OO) In lliolr <'nii« 
Hnahai I ha I "(ha conrcifi lhaf aacoihlc acid finndlnna In animal 
IfnKKi', aa a Kaplrahny cuii'lar lanialna caia nflally lOK'n/i/iorfcd Ity 
aa/anlinanlal nvldmiaa," 


(iiui'i'A'j'ifioinc 

'I'lila ao(n[»(Hind waa ono of (Im fnaf ('nin/Hniiida In hn annaldorad aa 
a liydin/yii aanlnr and (hn Idna liaa nnidhiind fni' aonin (hnn In i'.))l(n 
of a lanli of aii|»/>ni(hi// nvldnnnn, 

d'lin roiniioiind liaa hn(!/i fddahif d In funv form (M) and la hn(»wn In 
hn v/ldniy dlal/lhiilcd in animal (laaiina In vdilnli It la prnacnl In holli 
liioo/ldfml and (linindiinfd fmm (4:i,0'/), 

'I'lii' naillnr aindina liavn hnnn nonnm/nd will) dnnnajalradn/f lhal 
/didalliinnn ran hr nrldlml and lhal l( can hn mliirnd hy llaaun ('o)i» 
alKnnnln, 'Clin nrldiml form ran (>n rndiand hy (hn (ixnfl ---Hit /(lonpa 
ol haul Iroidcd piolnlim (HO) and alao hy imal lahlln ronallliinnia of 
(laaiin (fi!t), iiov/ivor v/orli In wldrli holh (IhJI ami OShfl warn 
flnlnimlnrd (96) Imllralrd (ha( (hr (,onlnn( of laid) forma Incrtaand 
In an Inrnhaind daam jimpaiallon, wldlo (hn rallo hnfwrnn dm (wo 
foinia inmainnfl ronalaid, 'CIm Inrrnaan waa adrihnind lo jn'olnolyala. 
Mann (7H) allowed (ha( //lididhlmin roidd hn rcdiirnd hy //hinoan j»Iua 
//lliroai dnliydio/zmaan /dna a farlor whirl) prohahly ronlahmd dm 
/'orrmyinra I and If, and In 19,'ir» Mnidnnn and 'Carr (Id) nhownd (lad 
//Inlal lilonn roiild hr rndnrrd hy hnyorn monoplioajihain dnhydroKnnaan 
and ronna/ymn, and (ha( oxy//nn iiplahn roiild hn arrom/ilialmd on the 
haalaof (hr mdoxldalloi) of (Idf I, al(hoii/d» (hr oxidadon waa alow. 

'Cim oxldadon of pnin//ln(adilmm fa no! ralalyand hy Iron or ropimr 



UECHANlSil OP HYDROGEK TEAS SPORT IS AKBIAL TISSUES 457 

ions a]one according to Jleldrem and Duon (80) but m addition 
another factor, believed to be cysteine, is required However Lyman 
and Barron (77) make no mention of this In addition to this tyjw of 
ondabon, a large body of evidence has accumulated which mdicates 
a dose relation between glutathione and ascorbic aad, the former 
bemg able to reduce the omdized form of the latter (56) This relation 
IS comphcated by the fact that glutathione is able to bmd the metalhc 
ion catalysts of ascorbic aad oxidation (18) and the fact that the con- 
centration of the reactants profoundly affects the course of the re- 
action (96), which IS apparently reiersible Glutathione appears 
to be cajjable of being ondized by the lytochrome ^-stem, and 
apparently this reaction is mdependent of ascorbic aad (102) 

Ogston and Green (86) tested the ability of glutathione to stimulate 
catalybcally the ondabon of various substrates, particularly those 
which had been reported to reduce oxidized glutathione In neither 
the glucose nor the heiose monophosphate system did the glutathione 
exhibit earner function, presumably due to the sluggish autoxidation 
of the compound The failure to use either fiavoprotem or the cyto- 
chrome system m conjunction with glutathione m these experiments 
however, makes a re-eiaimnation of the question desirable Only 
m the hexose diphosphate system did glutathione produce an increase 
m oxygen uptake and smee there is no reason for supposing its rate of 
autoxidation would be greater m this than in other cases, the signifi- 
cance of this finding must be discounted It is possible that the 
glutathione acted mdircctly m this case by activatmg glyceraldchyde 
diphosphate dehydrogenase, the activity of which is dependent upon 
reduced — SH groups (94) 

Probably the best test of glutathione as a earner has been the work 
of Schultze, Harrer and King (95) m which a glucose ondmng ystem 
was reconstructed from glucose dehydrogenase, coenzyme I, gluta- 
thione, ascorbic aad and mcotine hemochromogen There was no 
evidence from this work that glutathione could function as a hvdrogen 
earner, although it has been suggested to act m just such a ystem on 
the basis of theoretical considerations (22) Nevertheless it stni 
remains possible that the proper combination of biocatalysts necessary 
to demonstrate earner function in the case of glutathione, as in the 
case of vitarmn C, have not y et been assembled This work has been 
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made more difficult by the fact that the proper total system, if it exists, 
probably contams at least seven or eight biocatalysts With reference 
to the five cnteria of hydrogen earners hsted at the beginmng of this 
discussion, both ascorbic aad and glutathione appear to fulfill all but 
the fourth requirement, although cntical studies on the rates of 
oxidation and reduction have not been made 

ADRENOCHROME 

Green and Brosteaux (45) and Green (44) showed that m the lactic 
and mahe dehydrogenase systems, additions of adrenahn stimulated 
oxygen uptake In these systems, the functiomng of the c)d;ochrome 
system had been ehmmated by the presence of the cyamde which was 
used to fix the oxidized metabolite formed dunng the reaction In 
a further exammation of the mechamsm of the adrenahn action, Green 
and Richter (49) showed that adrenahn was oxidized to adrenochrome, 
a red pigment, and it is the latter compound which is actually re- 
sponsible for hydrogen transport This compound is apparently 
reduced by aU Col systems and can be oxidized either by molecular 
oxygen or by the cytochrome system The turnover number (i e the 
number of oxidations and reductions per mol per mmute) is very low 
and the rate of oxidation or reduction is therefore low It is not 
possible to assess the status of this compound as a hydrogen earner 
imtil further work has been done 

COCARBOXVLASE 

This compoimd is the pyrophosphate of vitamin Bi (75) and is also 
known as diphosphothiamme 

It has been known for some time that vitamm Bi is widely dis- 
tnbuted m a nim al tissues and that it is concerned with the metabohsm 
of p)mivic add (123) It seems hkely that the free vita m i n and the 
phosphorylated compound occur m animal tissues m eqmhbnum with 
each other (73), and it is now dear that the phosphorylated compound 
represents the active form of the vitamm (16) This is m accord with 
the knowledge of certam other vi tamins (nboflavm, mcotmic aad) 
which also appear to function m the organism in the form of complex 
phosphate containing structures 

Work by Barron and Lyman (20) indicated that cocarboxylase is 
necessary for both the oxidation of pyruvic add and its dismutation 
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and this is m accord with work which led lapmann (71) to conclude 
that cocarboitylase is the prosthetic group of pyruvic dehydrogenase 
in animal tissues and certain bacteria It is of course known that in 
yeast the compound appears to be the prosthetic group of the enzyme 
carboj^lase However as Lohmann and Schuster (75) pomted out, 
it IS not unreasonable to assume that the compound is the prosthetic 
group of one protem m yeast, and of another m animal tissues 

The question of whether or not the compound functions as a hy- 
drogen earner m the oxidation of pyruvic aad remains far from clear, 
although this would seem to be a perfectly reasonable assumption 
The evidence is thus far very meager Stem and MelmcL (100) have 
shown that the thiazole portion of the molecule can be reduced in a 
manner perfectly analogous to the reduebon of the pyndine nucleus 
m coenzymes I and IL The reduced cocarboxylase thus obtained 
as well as the untreated cocarboxylasc, are both able to cure vitaimn 
Bi defiaency, indicating that the body is able to reduce or oxidize the 
compounds fed If the compound is reduced further than the first 
stage (two atoms of hydrogen per mol) the compound loses its activity, 
just as 13 the case with the pyndimum compounds The publication 
of the absorption spectra of the reduced and oxidized forms of cocar- 
boxylase (82) may moke possible the eluadation of the factors which 
reduce and which oxidize this compound, as has been done m the 
case of the coenzymes I and H 

Lipmann (72) obtamed a protein fraction from lactic and bacteria 
which would oxidize pyruvate to acetate when both cocarboxylase and 
alloxannc ademne dinudcotide were added It was suggested that 
the latter comjiound was concerned m the oxidation of the reduced 
cocarboxylasc This work has not been extended to animal tissues 
as yet 

At present it is not possible to state the mechanism by which cocar- 
boxylasc assists m the oxidation of pyruvic aad nor is it possible to 
state that the compound is a hydrogen earner 

REVERSIBLY OXIDIZED METABOLITES 
Fumaraie and oxalaatate 

According to the Szent-Gj Orgyi theory the 4-carbon dicarboxyhc 
acids function as hydrogen earners in the transport of hydrogen from 
the tissue metabolites to cytochrome c Virtually all of the facts 
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which have been presented in proof of the Szent-Gyorgyi theory are 
however equally well explained on the basis that the four carbon 
aads can be reversibly reduced and on the basis of the atnc aad 
cycle theory of Krebs (66) The latter theory has been questioned by 
Breusch (23, 24) and by Thomas (116) but these cntiasms have re- 
cently been answered by Krebs (66) The essential difference between 
the two theories is that the latter proposes that the 4-C aads function 
by condensmg (m the form of oxalacetic aad) with pyruvic add m 
order to brmg about the oxidation of this compound by a senes of 
reactions which mdude the oxidation of atnc acid and the regeneration 
of the 4-C acids (see Fig 4), while the former suggests that the 4-C 
aads function as hydrogen earners (Fig 2) The Szent-Gyorgyi 
theory has never accounted for the breakdown products of pyruvic 
aad or for the formation of the 4-C aads and the position now taken 
(16, 24) appears to be that the atnc aad cycle can serve as a source 
of the 4-C acids, and that atrate formation can serve as a means of 
gettmg nd of any excess 4-C aads (24) 

Accordmg to a recent statement of the Szent-Gyorgyi theory the 
mechanism of hydrogen transport is as follows (16) “H from the 
substrates (donators) is transferred to oxalacetate which is thus re- 
duced to malate, from malate H is transferred to fumarate which is 
reduced to sucemate and this, activated on the sucemodehydrogenase, 
gives up its H to the cytochrome system” (see also 109, pp 35-42) 
It was recogmzed by Szent-Gyorgyi (109) that coenzyme I was an 
mtermediary between the metabohtes and oxalacetate but he felt that 
this findmg did not alter the vahdity of the theory However the 
inclusion of the coenzyme does alter the picture considerably as is 
shown m Figure 2 The theoretical objections to the oxalacetate- 
malate part of the theory were discussed m the mtroduction 

The case of fumarate is considerably more obscure, mainly because 
succmic dehydrogenase has not been obtamed as anythmg but a very 
crude preparation thus far, and hence nothmg is known regardmg the 
compounds which react directly with the suconate-fumarate pair 
There is abundant evidence to cover the first four entena listed above 
and it may be considered as proved that the compound is found m 
most animal tissues, that it can be reduced and oxidized, and that it 
wiU stimulate o^g^gen uptake m the tissues The question of the 
existence of two s)^tems, (the fifth requirement) has not been pre- 
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viously considered although Fischer and Eysenbach (41) havejsolated 
a "fumarate hydrogenase” from yeast which has been shown to be a 
yellow enzyme and to utihze alloxazme adenme dmucleotide as a 
prosthetic group (42) Fischer doubted that this findmg had any 
beanng on the Szent-Gyorgyi theory however, smce yeast respires m 
the presence of malonate, oxidizes succmate slowly if at all, appears 
not to contain succimc dehydrogenase, and does not reduce fumanc 
aad m the hving state Nevertheless, if this enzyme could be isolated 
from animal tissues it would lend considerable support to the Szent- 
Gyorgyi theory 

In attemptmg to analyse the role of fumarate m tissue respiration 
there are two outstandmg phenomena to be reckoned with These 
are first, malonate inhibition, and second, condensation reactions 

Malonic aad has the formula COOH CH 2 COOH and since this is 
so similar to the structure of succmic acid, COOH CH 2 CH 2 COOH, 
both compounds are adsorbed on the enzyme Succimc aad can be 
oxidized, and the resultmg fumanc acid will dissociate from the 
enzyme, making way for more succmate Malonate however can not 
be oxidized, and remams adsorbed on the enzyme, effectively blocking 
the action of the enzyme on sucanate It has been abundantly dem- 
onstrated that if malonate is added to a respirmg preparation of 
pigeon breast muscle, the respiration soon comes to a complete stand- 
still (107) Obviously if the hydrogen transport mechamsms aU 
converge on the succmate-fumarate pair, the blockmg of sucanate 
oxidation would stop the total respiration of the muscle preparation, 
and this is in fact the mterpretation placed upon the data by the 
Szent-Gyorg)n theory There are however two other possible ex- 
planations for the malonate effect (a) That malonate is a general 
inhibitor of dehydrogenases rather than a specific mhibitor for succmic 
dehydrogenase and (b) that malonate blocks respiration because it 
breaks the “atnc acid cycle” at the pomt of the conversion of sucanate 
to fumarate (see Fig 4) The first possibihty has been suggested by 
Weil-Malherbe (121) but is demed by Straub (104), who considered 
the malate system to be malonate msensitive He was able to block 
with malonate the reduction of cytochrome c by malate by mcubatmg 
the enzyme for 30 mmutes, and concluded that hydrogen from malate 
reached cytochrome via the succmate-fumarate system Accordmg 
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to present knowledge the hydrogen from malate must have reacted 
first with coenzyrae I, and from this pomt on, the hydrogen would 
proceed over the same path as the hydrogen from tnosc phosphate 
(see Figs 1 and 2) The latter mechanism has been shown by Potter 
(88) to he malonate insensitive, suggesting that m Straub’s expen- 
ments the malonate may have been actmg on mahe dehydrogenase 
The structure of mahe aad is such that competitive inhibition by 
malonate would not be surpnsmg The tnose phosphate experiments 
(88) diowed that tnose phosphate dehydrogenase is not affected by 
malonate, smee the total system was malonate msensitive Isoatnc 
dehydrogenase is also malonate insensitive (4) However m expen- 
ments in which malonate does inhibit the oitygen uptake it is difficult 
to deade whether the inhibitor acts by virtue of a blockmg of succmic 
dehydrogenase or by action on some other component of the system 
It IS the opinion of the reviewer that malonate is neither a spcafic 
inhibitor for succmic dehydrogenase nor an inhibitor of dehydrogenases 
m general, but that it blocks by competitive inhibition only those 
dehydrogenases whose substrates it most closely resembles Its 
greatest effect is on succmic dehydrogenase smee sucanate has a 
structure so similar to malonate, and the inhibition of other dchydrcH 
genascs, e g mahe, is quantitatively much less Of the two explana- 
tions alternate to the Szent-Gybrgyi theory the second is thus by 
far the more likely The "total” inhibition of muscle respiration 
could be explained quite well on the basis of a break in the dtne aad 
cycle which would result in the cessation of oxalacetatc production 
This would stop the oxidation of pyruvate and thus cut off all the 
oxygen consuinmg reactions in the cycle The breakmg of the cycle 
is mainly due to the blockmg of succmic dehydrogenase but mahe (28) 
and akctoglutanc (121) dehydrogenases are probably affected to 
some extent- The fact that tnose phosphate oxidation can apparently 
proceed m the presence of malonate, raises the question of what be- 
comes of this reaction m malonate treated muscle A possible ex- 
planation IS as follows The Ei at pH 7.2 of the lactate pjTuvate 
system is approximately —0 181 (19) and therefore considerably mote 
positii c thm the Ej of coenzyme I which is —0 26 at pH 7 2 accordmg 
to Ball and Ramsdell (14) This means that if the oxidative removal 
of pyruvate is interfered with, lactate formation will compete with 
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oxygen consumption, and smce the lactate pyruvate ratio has to be 
raised to 373 1 to give an Eh of —0 26 volts^ it would seem that the 
formation of lactate would greatly cut down the oxygen uptake durmg 
tnose phosphate oxidation Analytical data obtamed by GreviUe (50) 
m 1937 show that lactate accumulates to some extent m malonate 
treated preparations from pigeon breast muscle 
The “total” inhibition of muscle respiration by malonate can 
therefore be explamed m terms of the atnc aad cycle without attnb- 
utmg hydrogen earner function to sucemate-fumarate It is ad- 
mitted that this explanation does not take mto account the possibihty 
of hexose monophosphate oxidation (97), but the position of this 
reaction in carbohydrate breakdown m a nim al tissues is still too 
obscure to be mcluded m any mtegrated scheme at present 
One of the outstandmg hnes of evidence which favors the atnc 
aad cycle theory as compared with the Szent-Gyorgyi theory concerns 
experiments on the fumarate rehef of malonate inhibition These 
observations cannot be satisfactorily explamed by the latter theory, 
but can be easily explamed on the basis of conversion of fumarate to 
oxalacetate with the subsequent condensation of the latter with 
pyruvic aad to give a readily oxidizable compound (66, 68, 88) In 
the words of Krebs (68) “The decisive argument agamst the view that 
Szent-Gyorgyi’s theory fully explams the catalytic effects of fumarate 
is the fact that fumarate does not completely remove the malonate 
inhibition, but only restores a fraetton of the respiration equivalent to the 
amount of fumarate added ” (Reviewer’s itahcs ) In other words, 
when succimc dehydrogenase is blocked, fumarate behaves as a sub- 
strate and not as a catalyst The amount of fumarate required to 
reheve malonate inhibition is much greater than that reqmred for 

^The coenzyme system and the lactate-pyruvate system wM tend to approach the 
equihbnum shown below (see Axelrod and Johnson m (8)) 

T-' /• ^ X ^ pyruvate , « , RT , Col 

Eo (pyruvate-lactate) d In •= E™ (coenzyme I) -1 — — In _ 

nF lactate nF CoHii 

K Col CoHjI holds at 1 1 (Euler (38) reports 11m normal muscle) then, 

— 0 18 -b 0307 log „ Q 25 auj lactate pyruvate = 373 1 

lactate 

Since all of the systems are competmg for hydrogen m the muscle preparation this ratio 
would not obtam, but smce the amount of pyruvate formed would be large m comparison 
with the competmg earners, it should have considerable effect on the total system 
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Simple fumarate catalysis m the absence of malonate This is because 
m the former case the oxygen uptake continues only so long as oxal- 
acetate is available to condense with pyruvate and undergo the trans- 
formations of the atnc aad cycle up to the succmatc stage IVhen 
all of the fumarate (oxalacetate) has condensed with pyruvate and the 
condensation product has been converted to succmate the oxygen 
uptake virtually ceases (68) In the case of fumarate catalysis m the 
absence of malonate, or with low concentrations of malonate, a given 
small amount of fumarate will produce a much greater catalysis 
because it is contmually reformed as the atnc nad cycle functions 
The fumarate rehef of malonate inhibition has been given an explana- 
tion by Szent-GyBrgyi (107) which is based on experiments of Das 
(28) According to this explanation fumanc aad can be reduced to 
succmate m the presence of concentrations of malonate which wiU 
inhibit the oxidation of succmate to fumarate It was then proposed 
that smce the succmate molecule is now adsorbed on the enzyme it 
can be oxidized m spite of the presence of malonate This explanation 
seems to require that fumarate should have a much higher affimty 
than sucanate for the dehydrogenase If this were true, fumarate 
should markedly inhibit the oxidation of sucanate, and actual observa- 
tions do not support the Szent-GyBrgyi explanation Potter and 
Elvehjem (89) showed that fumanc add had but slight effect on the 
oxidation of sucanate, and the data of Das (28) show that fumarate 
inhibits sucanate oxidabon much less than sucanate inhibits fumarate 
reduction It must be remembered that the theory mentioned above 
was evolved to rationalize an effect for which there was at the time no 
other explanation Smce the data pertammg to fumarate rehef of 
malonate inhibition are now easily explained by the condensation 
reaction they can not be said to prove the arguments advanced bj 
Szent-GyBrgyi concerning them 

The foregoing statements apply particularly to studies made with 
muscle, although the atnc aad cyde is also beheved to function m 
kidney and liver In the case of bram, there has been no successful 
demonstration that atnc aad is an intcrmediaiy metabohte m carbo 
hydrate breakdown, and the atnc nad cyde is therefore considered 
not to function as such m that tissue (16, 17, 68) On the basis of 
fumarate stimulation and malonate inhibition of pyruvate oxidation 
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m brain, Banga, Ochoa, and Peters (16, 17) conclude that the hydrogen 
from p)rruvate oxidation is brought to oxygen by means of the four 
carbon aads functionmg as hydrogen earners The foregomg dis- 
cussion however should have made it clear that the demonstration of 
stimulation by fumarate, and inhibition by malonate are not suffiaent 
to warrant the conclusion that the 4-C aads represent the hydrogen 
transport mechamsm m any particular reaction It is mterestmg to 
note that Weil-Malherbe (121) reported the formation of succimc 
acid from pyruvic aad m bram Smee a C4 aad could not be formed 
from a C3 acid without a condensation, his work suggests that whether 
or not citnc acid is an mtermediate m this reaction, a condensation 
does occur, and some sort of a cychc mechamsm mvolvmg the C4 aads 
IS mdicated 

The reviewer is not aware of any data concemmg the catalytic action 
of the C4 dicarboxyhc aads which proves that these acids function as 
hydrogen earners In all cases the data can be satisfactorily explamed 
without the necessity of assummg hydrogen earner function and m 
some cases (fumarate rehef of malonate inhibition) the data is not 
satisfactorily explained on the basis of hydrogen earner function 

Krebs has been somewhat more moderate m his views, suggestmg 
that the citnc acid cycle and the hydrogen transport explanation 
supplement each other Thus he states (66) “the reaction between 
oxalacetate and citrate suggests that the Szent-Gyorgyi system acts 
as a hydrogen earner m the oxidation of atrate,” and (68) “the oxida- 
tion of ‘tnose’ to pyruvate is certainly not the only reaction m which 
Szent-Gyorgyi’s system acts as a hydrogen earner ” While it is 
possible that these concepts may be true the published evidence on 
which Krebs bases his behef that the four carbon aads can function 
in the hydrogen transport mechamsm aU falls mto the first four types 
of entena hsted at the beg innin g of this discussion, and smee these can 
all be explamed without the hydrogen transport theory there seems to 
be no vahd reason for regardmg the data as proof of the theory 

Krebs (63, 64, 65, 67, 69) has in fact suggested that certain other 
metabolites, m addition to fumarate can function as hydrogen earners 
m animal tissues, namely, pyruvate and glutamate His evidence (63) 
m the case of pyruvate and fumarate is essentially the same and will 
be bnefly summarized Experiments with B colt illustrate the 
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method (63, 64) m which for the first bme the quantitative aspects 
of criteria 2 and 3 have been worked out for reversibly o-adized 
metabohtes In this work it was shown that 

A Funrnnc aad oxidizes glucose at the same rate as molecular oxygen 

B Succuuc acid can be more rapidly oxidized by molecular oi^fgen 
than glucose. 

C Succinic and is available in B colt 

Krebs then interprets these 3 points as follows (63) “On the 
grounds of these results the conclusion is not only permissible, but 
unavoidable, that fumanc aad acts as a hydrogen earner m the 
oxidation of glucose because reaction 2a" (sucamc aad 4- Oj -+ 
fumanc aad + HjO) “is bound to take place if suedme aad and 
oxygen are present, and reaction la” (glucose + fumarate -♦ succinate 
+COi) “ is bound to take place if fumanc aad and glucose are present 
It is further permissible to condude that the lotal hydrogen of glucose 
passes, at some stage of the oxidation, through fumanc aad, and that 
the rate of reduction of fumaric aad is the limiting factor for the 
oxidation of glucose m Bactenum cob ” The reviener feels that the 
condusions drawn are not necessarily correct The assumption is 
made that reaction la is bound to take place aerobically, simply be- 
cause it was found to take place under anaerobic conditions. This 
IS the fundamental error which underlies the work on metabohtes as 
hydrogen earners, when this work is based simply on pomts A, B, and 
C, above The work on pyruvate mvolves the same hne of reasonmg 
and is subject to the same cntiasm If one considers the hydrogen 
transport mechamsms represented by the scheme in Figure 4, and 
considers the possibihty that m the absence of oxygen vanous metab- 
ohtes may undergo dismutations such ns shown m Figure 3 via the 
earners which they have in common, it becomes dear that the mere 
demonstration of the reduction of one metabohte by another, and of 
the oxidation of the reduced metabohte by oxygen, docs not prove that 
the compound m question is a hydrogen earner, regardless of the rates 
of the reactions involved It seems hkely that any two rexersibly 
oxidizable systems will undergo anaerobic dismutation provided that 
there exists a third reversible system with which both can react 
Glutaimc aad has also been suggested to act ns a hydrogen carrier 
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Since it can be oxidized and irnino-glutanc aad can be reduced (67) 
but m this case the argument is strengthened somewhat by the fact 
that ammoma additions will stimulate the aerobic removal of a number 
of metabohtes and further that the glutanuc aad system can react 
with either coenzyme I or coenzyme 11, thus opemng up the possibihty 
of a two-system mechanism accordmg to the fifth cntenon hsted 
earher 


CONCLUSION 

In discussmg the vanous compounds which have been suggested as 
hydrogen earners an attempt has been made to stress the need of 
objective experimental data m the eluadation of this problem The 
alternate explanations which are represented by the citnc aad cycle 
of Krebs and by the Szent-Gyorgyi theory for virtually identical data 
only serve to emphasize the need for an experimental approach which 
will give a deasive answer as to which is the correct explanation of 
the data At present Krebs ( 66 , 68 ) takes the position that the citnc 
aad cycle does not displace the Szent-Gyorgyi theory but is supple- 
mentary to it, 1 e that fumarate functions both as a hydrogen earner 
and as a source of the oxalacetate which is necessary for pyruvic aad 
removal Similarly Szent-Gyorgyi suggests (109) thatif the 4 -carbon 
acids function m the citnc acid cycle this function “is not the function 
but only an additional function of these C 4 dicarboxyhc aads ” It 
IS entirely possible that this sort of a compromise is the correct mter- 
pretation, smee it has so often been true m the past that seermngly 
opposmg theones have been shown to be not conflictmg but supple- 
mentary, with both protagonists correct m their mterpretation of the 
limited facts at their disposal In the present case, the reviewer, 
recognizing full well the probabrhty (m the hght of history) that fuma- 
rate may prove to function as a hydrogen earner, wishes to point out 
that from the purely objective view pomt of the expenmentahst, 
clear cut expenmental data regardmg the hydrogen earner fimction 
of reversibly oxidized metabohtes m general, and the Szent-Gyorgyi 
theory m particular, have not been forthcoming A careful examina- 
tion of a recent extensive symposium (87) on tissue respiration reveals 
the fact that at no session was this question clearly answered, or 
mdeed, discussed at length 

The reviewer takes the position that as long as the data pertainmg 
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to the Szent-GyBrgyi theory can be easily eicplamed nithout assuming 
hydrogen earner function on the part of the 4-C aads, the theory 
cannot be assumed to be proved If the theory is correct, it should 
be possible to marshall the necessary expenments to prove it It is 
felt that the facts are overwhelmingly m favor of the Krebs atnc aad 
cycle as a working hypothesis concerning carbohydrate breakdown 
Since the catalytic function of fumarate in muscle preparations can be 
explamed on the basis of either hydrogen earner function or condensa- 
tion reactions it is desirable to study the former in the absence of the 
latter possibflity This can be done spectrophotometncally by 
observmg the rate of oxidation of pure CoH I m systems with and 
without the fumarate sucemate system Likewise the question of 
malonate speofiaty could be studied by the same technique 

The mechanism of hydrogen transport shown m Figure 1 probably 
represents the mam path of hydrogen transport These earners are 
probably necessary and it is fairly certam that they act in the order 
indicated, although the mechanism of action is obscure, the role of the 
3 cytochromes is still poorly understood, and the step from the flavo- 
proteins to the cytochromes is not yet on a sound cxpcnmental basis 
It IS probable that vanous other earners may link other metabohtes 
into this transport channel at vanous points along the hne, and alter- 
nate mechanisms may be worked out, but these remam a problem for 
the future The hydrogen earners which arc mvolind in the oxida- 
tion of fats and ammo-aads are as yet unknown, although it has been 
suggested (12) that the latter can be oxidized via coenzymes I and II 
by means of the glutamic aad system and transamination mechanisms 
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iKXROinjcnoN 

Acute pulmonary edema, first described two centunes ago, is still 
a subject of great mtercst to cbmaans and physiologists At the 
present time acute pulmonary edema is considered by almost all 
clmiaans as a manifestation of failure of the left ventnclc, the chnical 
symptoms being due to bach-pressure into the blood sessels of the 
lung This concept ongmally was based on the cjqienmcntal studies 
* Fonncrlj PtoIcmot ot Ifcdldce m the tJiuvcmtj ot Fermm, 
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of Welch, in 1878 that author reported the development of pulmonary 
edema as a result of mterference with the function of the left ventricle 
m rabbits Indeed the back-pressure concept is not limited solely to 
acute pulmonary edema but has been extended to the respiratory 
manifestations of chrome congestive failure as well (Hamson (203)) 
Attempts to explam the dyspnea of chrome cardiac decompensation 
on the basis of back-pressure mto the lungs have already been cnticized 
(169) As experimental and chnical observations on pulmonary 
edema have accumulated it has become clear that the vahdity of the 
‘Tiack-pressure,” or “left ventricular failure” theory of acute pul- 
monary edema can no longer be considered as estabhshed Since 
no complete review of the more recent studies on acute pulmonary 
edema is available m Enghsh, it was considered desirable to make a 
cntical analysis of the pubhshed work on this subject, and more par- 
ticularly to mvestigate the vahdity of the “left-ventncular failure” 
theory 

HISTORY OF LUNG EDEMA 

The history of lung edema is long nearly two centuries have elapsed 
smee the first climcal description The first experimental researches were 
performed nearly 90 years ago 

The multiphcity of the causes which give rise to attacks of lung edema 
and the different theories attemptmg to explam it call attention to the 
fact that it IS one of the most mterestmg, and stiff obscure, acute syndromes 
A brief list of the chief studies on the subject will be of some mterest 

1752 Malofet — Clmical description (244) 

1753 Barr&re and Albertmi — Clmical study (165) 

1760-1770 van Swieten (273) Sir Percival Scott (263) Clmical studies 
1819 Laennec — Inflammatory lung edema, lung edema in patients with 
cardiac diseases (224) 

1834 Andral — ^Acute and chronic lung edema (158) 

1836 J Hope — Chmcal descnption (212) 

1846 Legendre — Inflammatory lung edema durmg scarlet fever, acute 
lung edema m patients with nephritis (230) 

1850-1860 Devay (182), Riffiez and Barthez (261) Complete descnp- 
tion of the chmcal picture 

1850-1860 Virchow — Research on lung edema foffowmg fat embolism 
(150) 

1850-1860 Cohnheim and Lichteim— Research on lung edema after m- 
travenous salt solution infusion (100) 
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1869 Peter— Lung edema in pregnant women (252) 

1873 Tcrrillon— Lung edema following thoracentesis (275) 

1873 Soum de la Savuuhre — Lung edema dunng pneumonia (268) 

1877 V Frej— Eicpenmental researches on cuttmg of vagus nerves (191) 

1878 Welch— Lung edema of the rabbit either by ligature of the aorta or 

by compression of the left ventricle (152) 

1878 S Mayer— Lung edema of the rabbit by brain ischemia (130) 

1879 Huchard — Clmical study on the relationship between lung edema 

and aortic lesions (213) 

1880-1896 V Basch (86), Loewit (124), Grossmann (108), Winkler (154), 
— Espenmental research on tome lung edema 
1888 Sahh — Research on experimental edema bj ligature of the aorta and 
by compression of the left ventnde (145) 

1892 Alexandrow — ^Experimental research on mechanical lung edema (80) 
1897 Huchard and Claude — Experimental researches on lung edema by 
adrenahn (111) 

1900 Sticker — Clmical study on lung edema (271) 

1900 International meeting m Pans on lung edema (v Basch, Teissier, 

Huchard, Potam (274)) 

1901 Teissier and Gurnard — ^Experimental research on lung edema (149) 
1906 JoreS— Research on nervous lung edema (113) 

1908-1912 Josud (114), Cavina (97) — Experimental lung edema by cpl- 
nephnne 

1909 Miller and Matthews— Experimental lung edema (136) 

1912 Barrmgcr — ^Acute lung edema dunng pregnanej' and labor (166) 
1910-1912 Lum (233) and Vaquez (279) — Complete formation of the 

theory lung edema as consequence of left ventncular failure 

1913 Kotowschtschikow — Research on mechanical and toxic lung edema 

of the rabbit and dog (117) 

1918-1927 Moutier (248), Antonmi and Bioncalam (159) — ^Acute lung 
edema by mjuries on the skull 

1923-1933 Gallavardm (137), Salor and Prommel (262), Doumer (183), 
Hess (208), SchcUong (264) Acute lung edema in patients with 
rmtral stenosis 

1923-1926 Barry (85), /Inrep and Bulatao (4), Lambert and Gremels 
(119) Lung edema in heart lung preparations 

1928 Luisada— Expcnmental research on epmephnne lung edema and 

on the therapeutic value of anesthetics and sedaUves (125) 

1929 Glass (107), Boggian (89) — Inhibition of epinephnne lung edema by 

lesion of the brain and of Uie sympathetic s)-stem 
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1929 Antoniazzi— Lung edema by bgature of the aorta, influence of 

nervous stunuh and of drugs m its prevention (84) 

1930 Luisada ^Experimental lung edema by bram hypertension (126) 

1930- 1931 Frugoni (with Melh, Peserico, Luisada)— The acute lung 

edema A report to the Itahan meetmg of Int Medicme, and a 
book (193) 

1929-1932 Zdansky- — ^X-ray studies on lung edema (292, 293) 

1931- 1933 Bsteh (193), Gernez and Marchandise (199) — Chmcal studies 

on lung edema m the nervous diseases 
1932 Weiser — ^The vagal pneumoma (151) 

1932 Luisada — Cnticism of the theory of the isolated ventricular failures 

(monographic study) (236) 

1931- 1933 Hess — Chmcal studies on the acute lung edema, lung edema 

after coronary thrombosis (209, 210, 211) 

1933 Coelho and assoaates — ^Lung edema by experimental lesions of the 

left ventncle on the dog (98, 99) 

1934 Reinhardt — Experimental researches on lung edema with microscopic 

control (142) 

1934 S Wassermann — monographic study on lung edema (283) 

1934 Brvmn — ^Luminal mhibition of experimental lung edema (92, 93) 

1935 McGinn and White — Acute cor pulmonale (243) 

1935 Cataldi — ^Lung edema by experimental lesions of the right ventricle 

on the dog (94) 

1934-1938 Cataldi, Rubmo — Studies on dynamic effects of the experi- 
mental lesions either of the right or of the left ventricle, and of 
bgature of either coronary arteries (95, 96, 143, 144) 

1932- 1938 Hochrem and associates — ^The lung a blood depot, vascular 

changes of the lung vessels (38, 39, 40, 41, 212) 

1934-1939 Laubiy and Cottet (229), Manunza (245), Astuni (161), 
Weissman (287) Lung edema m the diseases of the nervous 
system and after traumatism on the skull 

1936 Moon and Morgan — Experimental limg edema durmg shock (138, 

139, 247) 

1937 Farber — ^Lung edema by cuttmg of the vagus nerves (101, 102) 

1939 Jarisch and associates — Central limg edema by suboccipital mjection 

of veratrm on animals (112) 


I CLINICAL CONDITIONS IN WHICH ACUTE PULMONARY EDEMA OCCURS 

A Heart Dtsease The occurrence of acute pulmonary edema 
m types of heart disease assoaated with disease of or strain on the 
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left ventnde mainly, is Tvell recognized These types include four 
mam groups of lesions 

(a) Aortic insuEBaency (due either to rheumatic or luetic mvolve- 

ment of the valves), arterial hypertension (either essential 
or symptomatic), 

(b) Mitral regurgitation, mitral stenosis (or both) , 

(c) Diffuse sclerosis of the myocardium, 

(d) Coronary thrombosis 

Indeed, mstances of these diseases comprise the greatest number 
of cases of acute pulmonary edema observed climcally in adults This 
fact constitutes the mam chmeal basis on which the “left-ventncular 
failure” theory rests However the frequency of acute pulmonary 
edema m the above types of heart disease may very well be due to 
the frequency of these conditions 

It IS worthy of comment that mttral stenosu, which gives nse to 
marked and prolonged increase m capillary pressure m the lungs, is 
not commonly assoaated with acute pulmonary edema, the degree of 
nse m mtracapUlary pressure is evidenced by the frequent occurrence 
of hemoptysis and by the marked capillary engorgement found at 
post-mortem examination (Parker and Weiss (251)) These findings 
are not m accord with a purely mechamcal theory for the pathogenesis 
of acute pulmonary edema On the other hand some cases observed 
showed that acute pulmonary edema may occur without any m- 
suffiaency of the left ventnde (Gallavardin (197), Saloz and Frommel 
(262), Ribierre (258), Doumer (183), Hess (208)) Of great interest 
and importance is the fact that acute pulmonary edema may occur 
m heart disease, associated either with marked d^ormily of Use chest 
(157) (176), or with fibrosis and sthcosts of the lungs (190) In these 
conditions the major stram is on the nght ventnde and mdeed that 
ventride alone frequently shows hypertrophy The occurrence of 
acute pulmonary edema in this syndrome cannot be explained on the 
basis of left ventncular failure 

Of importance is the pulmonary edema occumng after coronary 
thrombosis In such cases the blood pressure often falls and the at- 
tack of edema of the lungs was considered an effect of a left ven- 
tricular failure However, many patients with thrombosis of the 
left coronary artery die with acute heart failure and without edema 



480 


ALDO LUISADA 


of the lungs Moreover acute pulmonary edema may follow throm- 
bosis either of the nght coronary artery (Barth (163), Graser (202), 
Hess (210)), or of both coronary artenes (Hess (210), Sternberg 
(270), Leyden (231), Kohsko (222), Gallavardin (198)) 

Some mterestmg observations have been made m the treatment of 
attacks of pulmonary edema m heart patients Wassermann (282, 
283) succeeded m endmg some attacks by compressing the carotid 
smus Weiss and Robb (286) obtamed a marked improvement by 
mjectmg procam near one of the vagus nerves m patients with cardiac 
asthma 

Luisada tned the mtravenous mjection of sedatives and anaesthetics 
and succeeded m stoppmg the attacks withm a few minutes m 7 
cases m which the pulmonary edema was assoaated with hypertension 
(237, 239) and later m 5 cases, of which 2 had coronary thrombosis (240) 
As the drugs used had, if anything, a depressant action on the myo- 
cardium, the hypothesis of left ventncular failure was not confirmed 
by these clmical experiments 

B Diseases of the Central Nervous System Trauma to the Skull — 
The occurrence of pulmonary edema following skull fracture m pa- 
tients with normal cardiovascular function has been known for many 
years Among the authors who have commented on it m recent years 
are Moutier (248), Antonmi and Biancalam (159), Manunza (128- 
245), Astuni (161), Gemez and Marchandise (206), Weissman (287), 
Bsteh (173) Antonmi and Biancalam reported it present m nearly 
all patients who survived more than 24 hours while Astum reported 
an mcidence of about 50 per cent Weissman, however, reported it 
present m 70 per cent of the fatal cases 

Diseases of the Brain — ^Although acute pulmonary edema is not 
commonly found m diseases of the bram observed chnically, it occurs 
with suffiaent frequency to have been reported by many observers 
(Moutier (248), Langeron (226), Shanahan and Ohlmacher (266), 
Stiirtz (272), Frugoni and Luisada (193), Bsteh (173), Gemez and 
Marchandise (200), Laubry and Cottet (229), Lian (232), Pezzi 
(253)) Most recently Weissman (287) recorded its presence in 70 
per cent of fatal cases of mtracranial hemorrhage and Farber (101, 
102) reported its occurrence m a senes of children with encephalitis, 
polioencephahtis, bram abscess and tumor, and memngitis 
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Mampulahon of the Stellate Ganglia— Early m the history of sympa- 
thetic surgery for angma pectons acute pulmonary edema was re- 
ported to occur dunng the course of manipulation of the stellate 
gangha in about half the cases (Jonnesco (217, 218, 219), Damelopolu 
(178, 179)) More recently, probably as a result of refinement of 
teclmique, this has become uncommon 
The occurrence of acute pulmonary edema in diseases of the central 
nervous system cannot be explained satisfactonly on the basis of left 
ventricular failure, since m most of the reported mstances no heart 
disease was present. 

C Diseases of the Lungs Inhalation of Toxic Gases— Acute pul- 
monary edema is of frequent occurrence foUowmg the inhalation of 
imtant gases Large numbers of cases occurred dunng the World 
War (Aschoff, Ricker, Koch, Lustig) 

Pneumonia — Various types of pneumonia, espcaally influenzal 
pneumonia, may cause pulmonary edema even in young patients in 
whom there is no evidence of heart disease Dunng influenza epi- 
demics acute pulmonary edema is the cause of death not infrequently 
Acute infectious pulmonary edema was discussed (m this and many 
other diseases) by Logre (235) 

Pulmonary Infarction — ^E'ven small infarcts may gi\c nsc to massive 
pulmonary edema (Hochrcin (212)) Fat embohsm following frac- 
ture IS to be included m this group Occasionallj , early m the course 
of the episode, the pulmonary edema may be liimtcd to the side on 
which the infarction has occurred, spreadmg to involve the other 
lung after a penod of several hours to a day Pulmonary edema 
following lung infarction was not found very common in acute cor 
pulmonale by McGinn and White (243) 
r/ioracm/eiij— Although the older htcraturc contains references 
to pulmonaiy edema followmg thoracentesis, it is only occasionallj 
seen now It is possible that refinements m technique arc responsi- 
ble for the disappearance of this complication (Frugoni (193)) 
Drouming — ^The fluid found in the lungs of drowned persons and 
anunals has a high protein content (Biondi (88), hfelli (134), Farber 
(101)) This must result from the transudation of scrum into the 
all coll, 1 c , pulmonarj edema 

The occurrence of acute pulmonarj edema in disorders affecting 
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primarily the lungs is not explamable on the basis of left ventncular 
failure smce the strain on the heart, if any, is on the nght ventricle 
In some of the above hsted syndromes toxic factors may be imph- 
cated 

D Uremia Acute pulmonary edema is frequently observed dur- 
mg the course of chrome uremia It is especially common m patients 
who are receivmg infusions of fluid mtravenously even at rates as 
low as 4 to 10 drops per minute This is usually asenbed to failure 
of the left ventricle although positive evidence m that regard is 
lackmg Moreover patients show chiefly dilatation of the nght 
auncle and nght ventncle 

E Allergy The possibihty of angio-neurotic edema of the lungs 
occumng cannot be ruled out In a comprehensive statistical study 
of allergic patients Frugoni (193) saw no proven case of this disorder, 
although m many cases an allergic etiology was claimed (Logre (235), 
Munchmeyer (249), Delamarre and Descazal (181), Day, Sisson and 
Vogt (180)), m some mstances rather convmcmgly (Sticker (271)) 

If allergic pulmonary edema does occur it is clear that there is 
nothing to suggest that left ventncular failure is at aU imphcated 
F Thyroid Crises Acute pulmonary edema may tennmate the 
course of thyroid enses Its occurrence is usually explamed on the 
basis of left ventncular failure due to mcreased cardiac output, hy- 
pertension, and impaired nutntion of the myocardium 

G Beri-beri This disease frequently results m acute pulmonary 
edema Smce ben-ben heart is usually considered due to nght 
heart failure, it is evident that failure of the left ventncle cannot be 
imphcated, neuntis of the vagus nerve has been offered as a possible 
explanation for this type of pulmonary edema 
H Stimidatwn of Various Hollow Viscera The older hterature 
con tarns many mstances of pulmonary edema assoaated with dis- 
tension of some abdominal organ, usually the stomach More recent 
cases are that of Hochrem (212) (stomach) and that of Vigi (280) 
(esophagus) 

These cases are hard to evaluate, either because of madequate study 
or mcompletely presented data, or because the patients were old 
people with coronary sclerosis, valvular defects or hypertension It 
is probable that rapid distension of a hollow viscus does not by itself 
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cause pulmonary edema, though the importance of nervous reflexes 
suggests itself 

In rare instances, sudden emptymg of a distended bladder m pa- 
tients with prostatic obstruction may apparently result m the devel- 
opment of acute pulmonary edema (see Frugom (193)) Thisp hc- 
nomenon is difficult to evaluate, smee often the patients in whom it 
occurs have marked coronary sclerosis, hypertension, or both 

L Pregnancy A number of authors during the last century 
stressed the relationship between pregnancy and pulmonary edema 
m some cases Since pabents developmg this comphcation have 
valvular heart disease, or hypertension assoaated with toxemia, 
this type of pulmonary edema is best considered together with that 
due to heart disease 

It is evident from the above cluneal considemtions, that the oc- 
currence of pulmonary edema In many syndromes cannot be satis 
factorily explamed on the basis of left ventncular failure The almost 
umversal acceptance of the ‘left ventncular failure” theory by clmi- 
aans is possibly to be explained by the fact that, m adults at least, 
by far the greatest number of cases of pulmonary edema arc those 
assoaated with disease mainly of the left ventnde or with the hyper- 
tension or both. Nevertheless, the fact that numerous mstances 
enst in which left ventncular failure cannot be used to explain pul- 
monary edema, strongly suggests that other factors also operate 

n THE CARDIOVASCULAR DYNAMICS IN MAN DURING ACUTE PUL- 
MONARY EDEMA 

It is almost impossible to obtam studies on the cardio\ oscular 
dynamics durmg acute pulmonary edema Attacks arc frequently 
of short duration, or if suffiaentl> prolonged to permit making ac- 
curate observations, make the patient extremely uncomfortable and 
even desperately ill Nevertheless valuable data can be obtained 
from observations made m milder forms of paroxysmal cardiac dysp- 
nea, includmg cardiac asthma, which are closely related to the sjm- 
drome of acute pulmonary edema itself 

Measurements of pulse rate and blood pressure are casilj obtained 
dunng attacks of pulmonary edema or cardiac asthma In most 
instances both are elevated dunng the attack, unless it is prcapitated 
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by coronary thrombosis, m which case the blood pressure may be 
d imini shed (m a case of personal observation, however, m spite of 
the coronary thrombosis, the attack of pulmonary edema was ac- 
compamed by relative hypertension) The nse m blood pressure 
observed dunng attacks of pulmonary edema is not m harmony with 
the concept that the syndrome is due to left ventricular weakness, 
this should cause a decrease m artenal blood pressure However 
spasm of the artenoles due to anoxemia, reflexes, or a discharge of 
epmephrme have been mvoked as explanations for this phenomenon 
If attacks of pulmonary edema are prolonged, the artenal blood pres- 
sure falls below normal and the patient may go mto shock This 
usually follows the coughmg up of very large amounts of flmd from 
the lungs and is probably due to markedly dimin ished blood volume 

The venous pressure has been measured by Weiss and Robb (286) 
and by Altschule (156) m patients with cardiac asthma and a con- 
siderable increase was found m some Altschule suggested that this 
was due to a nse m mtrapleural pressure assoaated with loss of elas- 
tiaty and distensibihty of the lungs (Chnstie and Meakms (175)) 
and with mcreased respiratory effort (Prinzmetal and associates 
(257)) Altschule (156) also advanced the hypothesis that this 
phenomenon might be important m termmatmg some attacks, the 
nse m mtrapleural pressure impoimdmg blood m the penpheral vems 
m a manner similar to tourniquets on the extrermties In shock 
assoaated with pulmonary edema the vems are collapsed and the ve- 
nous pressure is very low 

Studies of the vital capaaty by Weiss and Robb (286) reveal a 
considerable decrease dunng the attacks of paroxysmal dyspnea 
The pulmonary arculation tune is also slowed and the artenal blood 
oxygen saturation decreases These observations explam the dyspnea 
observed during attacks 

Measurements of the cardiac output m cardiac asthma are few 
Many years ago Eppmger and his co-workers (185, 186) made such 
a study but the method used is now discredited Lauter (227) us- 
mg the Fick pnnciple and cardiac puncture found m three cases a 
dimin ished mmute volume blood flow through the lungs, i e , decreased 
output of the nght ventncle, dunng attacks Weiss and Robb (286) 
used a dye method to measure the output of the left ventncle This 
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method must he considered far less satisfactory than that employed 
by Lauter (227) However, m a large senes of cases, they found low 
or normal cardiac outputs m cardiac asthma 

Studies of the cardiovascular dynamics in clmical cases of cardiac 
asthma and pulmonary edema in man throw no light on the mecha- 
msm of its occurrence It is therefore necessary to turn to expcn- 
mental studies m animals for data beanng on this point 

TTT pulmonary edema in experimental studies on animals 

A Heart-Ltmg Preparation The earhest observations by Starhng 
and his co workers on the heart-lung preparation record the spon- 
taneous occurrence of pulmonary edema in such preparations Evans 
(23) pointed out that this phenomenon occurred much more fre- 
quently and rapidly m cat than m dog preparations Matsuoka 
(58) studied the factors responsible for its occurrence and found that 
increased cardiac work was not a cause but rather that prolonged 
duration of the expenments “and general condition of the animal and 
the operation” were to be imphcatcd He did, however, note the 
fact that increased pressure and passive dilation m the pulmonary 
arcuit favored the development of edema Barry (85), Lambert 
and Gremcls (119), and Newton (140) concluded that the chief 
factor responsible for pulmonary edema m the heart lung preparation 
was some change in the composition of the perfusmg blood Indeed 
Lambert and Gremcls desenbed degenerative changes in the pul- 
monary vascular endothehum due to the action of this hypothetical 
toxin Raismg the arterial resistance, according to hlatsuoka and 
Barry favored the appearance of edema and Newton reported that 
obstructmg the outflow from the lungs also favored it Barry , how- 
ever, found that venous obstruction caused only congestion unless 
the blood were greatly diluted, under which arcumstances edema 
might develop Anrep and Bulatao (4) reported pulmonary edema 
when cither vcntncle failed 

On the basis of observations on the heart-lung preparation it may 
be concluded that pulmonary' edema is assoaated with failure of 
cither ventricle and that in that type of experiment, the chief factor 
was a chemical change m the blood These findings can have httlc 
bearing on the pulmonary edema observed chmcally m man, except 
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possibly in uremia It is important to note, however, that mechamcal 
factors, 1 e increased cardiac work, pulmonary stasis, and dilution 
of the blood favor its occurrence when the tendency toward it exists 
This fact IS of chmcal importance and will be commented on at greater 
length m another portion of this review 

B Increased Strain on the Left Ventricle Fnedlander (106) m 
1873 found that hgating the aorta proximal to the innommate artery 
frequently caused pulmonary edema m the rabbit Welch (152) 
m 1878 performed similar experiments m rabbits with the exception 
that the hgature was placed distal to the left subclavian artery and 
two of the three great vessels coming off the arch were also tied off, 
pulmonary edema occurred m these animals These results could 
not, however, be obtamed m dogs by Sahh (145), and only m some 
experiments on dogs by Kotowschtschikow (117) More recently 
my co-worker Antomazzi (84) repeated Welch’s experiments on rab- 
bits and only occasionally obtamed pulmonary edema, unless the 
aorta was hgated without opening the thorax and without anesthesia 
On the contrary hgature of the aorta with closed thorax caused pul- 
monary edema m all experiments He observed further that either 
previous mjection of some sedatives and anesthetics (the same found 
useful by Lmsada m adrenahn lung edema) or stellate ganghonectomy 
(foimd effective by Boggian m adrenahn lung edema) prevented the 
formation of pulmonary edema The fact that the rather drastic 
experiments described above caused pulmonary edema much more 
frequently m rabbits is particularly mterestmg Dogs (owmg to a 
more differentiated vascular apparatus m the hver and to a different 
balance of the autonomic nervous system — see later) have more of- 
ten a tremendous dilatation of the hver, probably actmg as apphca- 
tion of tourniquets m man m reducmg the circulatmg blood In 
some of the experiments there was a senous mterference with the 
blood supply of the bram, the significance of this m the production 
of pulmonary edema is discussed below The experiments of Welch 
are also open to objection m that the pulmonary edema was clearly 
an agonal phenomenon 

It must be concluded that left ventncular strain is not proved as 
the sole factor m the rather mconstantly produced pulmonary edema 
in the above experiments 
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C Inlerference mih L^t Ventricular Function By means of man- 
ual compression and the use of clamps Welch (152) m his much 
quoted experiments on rabbits produced pulmonary edema m some 
Rnimak These and similar experiments were repeated by Lowit 
(124), Alexandrow (80), Sahh (145), and Kotowschtschikow (117) 
with mconstant results in rabbits and only rarelj positive results m 
dogs The last named authors concluded that Welch’s results repre- 
sented agonal changes Indeed from his protocols it would seem that 
m some of his experiments, the pulmonary edema appeared some time 
after the right ventricle had also failed 
Montanan (137) improved the techmque, cutting down the size 
of the ventnde m contact with the arculation m rabbits by means 
of sutures His animals survived without respiratory difSculty im- 
less more than two thirds of the ventnde was exduded, in which case 
the animals died rapidly, only rarely showmg pulmonary edema 
A somewhat different and more nearly physiological approach was 
that of Coelho and Rocheta (98) These authors mjected silver 
mtrate or alcohol into the wall of the left ventnde m dogs causmg 
pulmonary edema m a large percentage of animals The positive 
significance of these striking and apparently condusivc findings was 
negatived by the observations of my co worker, Cataldi (94) That 
author confirmed the results of Coelho and Rocheta, but obtained 
the same results (with slightly lower percentage) by mjccting the 
imtating substances mto the nght ventnde alone After injection 
of either ventnde he noted the death of some dogs in ventncular 
fibnllation without pulmonary edema Cataldi (95, 96) also studied 
the dynamics of the arculation in his expenments and found hj-per- 
tension in the pulmonary arter> and some decrease m ^temic 
artcnal pressure m aniraab with pulmonary edema irrespective of 
whether the edema of the lungs was due to a nght or left ventncular 
lesion 

Attempts wrere made by Cataldi (95, 96) and by my assoaatc 
Rubino (143, 144) to preapitate pulmonarj' edema in the dog by 
means of ligature of either the nght or left coronary artcr> , but no 
positive results were obtained However, the effects on the cardi- 
ovascular dynamics of ligature of cither artery were the same, i c 
a slow decrease in pressure in both pulmonary artery and aorta. 
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and swelling of the liver These authors concluded (1) that it is 
impossible to produce isolated msuffiaency of one ventncle, (2) 
coronary occlusion causes msuffiaency of the whole heart, (3) m- 
jection of irntatmg substances mto the walls of either ventncle 
gives nse to pulmonary edema which must be reflex m ongm, and (4) 
the djmamic effects on the greater and lesser circulations are the same 
no matter which ventncle is the site of the lesion due to injection 

Although the evidence of the above experimental studies is agamst 
the mechamcal concept of left ventncular failure as a cause of pul- 
monary edema, the reflex nature of the processes mvolved cannot be 
considered estabhshed until studies mvolvmg complete and vanous 
types of partial denervation of the heart have been performed 
Nevertheless, the above descnbed evidence is strongly suggestive 

D Ohstruction of Pidmomry Veins Attempts have been made to 
mduce pulmonary edema mechamcally by obstructmg the pulmonary 
vems Welch (152) claimed to have observed its occurrence m his 
experiments on rabbits, but Lbwit (124) and Antomazzi (83, 84) 
could not confirm his findmgs Recently Altschule (81) used a some- 
what different approach to the same problem He mtroduced a bal- 
loon m the left auncle through the auncular appendage and connected 
it to a rubber tube runmng out through the chest wall After the 
chest wall was sewed up the preparation consisted essentially of an 
mtact animal (imder hght anesthesia, but breathing normally) with a 
balloon m the left auncle Inflation of the balloon m the auncle 
failed to produce pulmonary edema even though inflation lasted in 
some experiments untd the ammal died after several hours 

These procedures, which must raise the pulmonary venous and 
capiUary pressures markedly, do not cause pulmonary edema, this 
fact cannot be reconciled with the back-pressure theory of pul- 
monary edema 

E Lesions of the Central Nervous System von Frey (105) first 
descnbed the development of pulmonary edema foUowmg vagotomy 
m 1867 Smce then a number of other authors have observed the 
same phenomenon These mclude Wolf (155), Schiff (147), Schafer 
(146), Weiser (151), and most recently, Farber (101, 102) Kraus 
(118), Bnmn (92, 93), and Farber (101, 102) found that pulmonary 
edema could be precipitated m vagotomized animals with great ease 
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by the injection of fluids intravenously, Brunn claimed to have in- 
hibited this phenomenon by administering phenobarbital The r61e 
of intravenous mjection of fluids in producmg edema of the lungs 
will be discussed m another portion of this review 

Farber (101, 102) studied the pathogenesis of pulmonary' edema 
due to mterference with the nerves to the lungs and found that the 
paralysis of the vocal cords is not a cause of the pulmonary edema, 
the real cause of it bemg the loss of the mnervation of the lungs 

The fact that the sy'mpathetic fibers are still intact was claimed, 
however, as the real cause by Jansch, because removmg the vagal 
impulses prevented the countemetmg of the effects of those of the 
sympathetic nerves 

Other lesions of the central nervous system may produce edema 
of the lungs Thus, Brown-Sfequard (90) found that stimulating the 
stellate gangha caused pulmonary edema. Pulmonary edema can 
he mduced by the injection of cpmephnne as wfll be pomted out 
below JoreJ (113) reported the occurrence of pulmonary edema 
after electneal stimulation of the hilus of the lung, or the peripheral 
end of the cut vagus nerve, but KotowtschiLow (117) was unable to 
confirm his findings However, when Teissier and Gurnard (149) 
combined stimulation of the penpheral end of the cut vagus nerve 
with increase in mtrapulmonary pressure, they clauned to have 
caused the development of pulmonary edema 

A recent study of Jansch, Richter and Thoma (112) showed further 
that It is possible to provoke acute pulmonary edema on rabbits, rats, 
and gumea pigs by subocapital injection of veratnn The edema may 
be prevented by mjection of some anesthetics (chloral hydrate and 
urethane), not by others, may be prevented by large dosesof atropine, 
but not by cutting of the vagus The ommals show arterial hyper- 
tension, strong and regular beaUng heart, and many signs of central 
exatation 

Interference with the blood supply to the brain results m pul- 
monary edema Mayer (130) and Meurers (135) induced it by 
ligating both carotid arteries below the carotid sinus Actually in 
Welch 5 (152) experiments on ligation of the aorta and its branches, 
sirmlar changes occurred in the bram However it is not possible to 
state that interference with cerebral function is the sole cause of the 
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edema of the lungs observed The procedures used m this type of 
experiment cause a considerable elevation of the aortic pressure (due 
to a reflex caused by the low pressure on the carotid sinus (Heymans 
(37), Meurers (135)), so that the experiments are not so clean cut as 
they seem at first 

Lmsada (126, 127) attacked the problem more directly, usmg a 
preparation m which all connections except for nervous pathways 
between the head and body of an animal were severed Hyperten- 
sion m the isolated head caused edema m the lungs of the isolated 
body 

It IS clear that the action of nervous factors can produce pul- 
monary edema Although, as Farber (102) showed, vasodilatation, 
presumably due to loss of vasomotor tone, precedes the appearance 
of edema, it is doubtful whether the vasodilation alone can explain 
the sudden marked mcrease m capillary permeabihty which develops 
Landis (48) for mstance has shown that the permeabihty of capillanes 
is not mcreased by dilatation, but this is demed by Khogh (47) The 
ultimate mechamsms mvolved m the production of neurogemc pul- 
monary edema are therefore obscure It is to be noted, however, 
that once the tendency toward neurogemc pulmonary edema exists, 
mechamcal factors, such as are mduced by mtravenous infusions, 
can preapitate it 

F Intravenoiis Infuswns Smce the tune of Cohnheim and 
Lichtheim (100, 122) attempts have been made to mduce pulmonary 
edema by means of mjections of salt solutions of vanous concentra- 
tion These authors could not mduce it regularly with large amounts 
of normal sahne HaUion and Canon (110) claimed to produce 
edema of the lungs regularly with mtravenous infusions of concen- 
trated sodium chlonde solution, but MeUi and Tasso (133, 134) 
could not confirm these fiindmgs More recently Warthm (281) 
faded to mduce pulmonary edema with mjections of large amounts of 
physiological sahne solution mtravenously in dogs On the other 
hand, foUowmg bdateral vagotomy, edema of the lungs can be preapi- 
tated regularly by means of mtravenous infusions (Ehaus, Brunn, 
Farber) 

It may be concluded that the admimstration of flmds mtravenously 
m large quantities wdl not mduce pulmonary edema unless a tendency 
toward it aheady exists because of the action of other factors 
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G Injedum of Epmephnne It has been known for many years 
that the injection of epmephnne intravenously m rabbits induces 
pulmonary edema (Huchard and Claude (111), Josu6 (114), Cavina 
{91)) Since pulmonary edema can be mduced in this manner only 
m rabbits (among the usual laboratory animab), it is disputable if 
this phenomenon can be related to the chnical syndrome in man * 
It is, however, a useful method for induang pulmonary edema easily 
m large groups of animals so as to study the pathological physiology 
of the process as well as the effects of therapy At first sight the 
effects of epinephnne on the blood pressure and cardiac work would 
seem to favor lie explanation that the edema of the lungs is due to 
failure of the left ventncle due to a greatly mcreased strain on it. 
However, the observations of the author (125), confirmed by Glass 
(107), Boggian (89) and Reinhardt (142) that some sedatives and 
narcotics (e\en without rnduong anesthesia), dimmish or prevent the 
edema of the lungs, and respiratory stimulants aggravate it, suggest 
that other explanations may also be vahd Mote conclusive m this 
regard are other observations by Luisada (125) and by Glass (107) 
that cutting all commumcations between the brain and the penph 
cry prevents epmephnne pulmonary edema, and that prenous one- 
sided sympathectomy or damage to the corpora quadngemma (107) 
or previous unilateral, and better, bilateral stellate ganghonectomy 
(89) also prevent its occurrence 

These findings suggest that neural mechanisms are involved in 
the genesis of epmephnne pulmonary edema m rabbits However, 
other factors may also operate, i c , mcreased work of the left ventncle 
and hypertension 

H Imtahng Substances tn the Lungs Studies on pulmonary 
edema due to the inhalation of toxic or imtating substances have been 
performed by many authors dunng the last thirty jears (Wmtemitz 
and Lambert (155), Mayer and Morel (129), Laqueur and He Vnes 
Reihngh (120, 121), Biondi (88), Melli (134)) Changes in the pcrmc- 
abihty of capillaries due to the action of tome substances is well rec 

’ It U n«tmty, bowever, to reraember Ihst dogs ind c»t« hive > well developed pro 
teolve mechenhm In the Um veto (Meutner end Piet (57)) which U underdeveloped 
InnibHlj min teetna to h»ve en Intermedbtc podlion Action ot thb roechiidm itopv 
the flowme of Leer Hood to the hrart, lowering the blood preamre end dnallng the Uver 
end the vdtceral veiseli 
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ogruzed and explain the pulmonary edema of wa: 
poisonmgs, and possibly pneumoma also 

It has been known for many years that after tl 
salt or fresh water, such as occurs m drownmg, ede 
develops, as mamfested by the presence of large ami 
m the flmd m the lungs Laqueur and De Vnes Re) 
studied pulmonary edema due to inhalation of sal 
ascnbed the resultant edema to the osmotic effect 
Biondi (88), however, stressed the importance oi j 
set up by stimulation of the mucosa of the respirato 
(113) also mduced pulmonary edema by stimulatmg 
small bronchus The osmotic effects of the mhaled 
ruled out as causes of pulmonary edema by the expei 
and Pisa (132) These authors mtroduced a small 
centrated glucose solution mto a small bronchus and 
by means of a balloon They claun to have repn 
bilateral pulmonary edema by this procedure, and in 
gemc factor as the explanation 

Although the inhalation of toxic or irntatmg ga 
pulmonary edema by direct damage to the capiUai 
that additional factors, neurogenic m ongin, also opei 

IV PULMONARY VASCULAR DYNAMICS IN ANIMAL ] 

An extensive hterature is available m the dynam 
monaiy circulation as studied m vanous types of arum, 
This has been reviewed by Wiggers (289) The apphc 
observations to clmical conditions is difficult to evali 
reasons (a) The unphysiological nature of the anima 
the mtroduction of measuring devices mto vanous pi 
monary arculation frequently bemg accompamed by 
shock (b) Cutting of nerves, which, though it may 
chanical relations, 3nelds results which have no neces 
to the physiology of the mtact animal (c) Use of 
artificial respiration, which are known to alter cardiac j 
dynamics (d) Differences between animal speaes 
unanimity concemmg results reported by different 
Another source of difficulty is possibly the fact that a 


PATnOOENESIS OP PAaOXYBllAL PUIAIONAEIi EDEMA 493 

studies on the pulmonary circulation are based on changes m pressure 
in its various portions, whereas Hochrein and assoaates (38, 39, 40, 
41) have shown that enormous changes m the volume of the capillary 
bed may occur as a result of altered dynamics, with httlc or no change 
in pressure This is probably due to the negbgible resistance to dila- 
tation of the pulmonary capillaries due to the absence of significant 
tissue pressure such as is found elsewhere m the body 

It IS not germane to this discussion to consider in detail the results 
of studies on the pulmonary vascular djmamics, discussion will bo 
limited to those observations beanng on the pathogenesis of acute 
pulmonary edema 

In the heart-lung preparation accordmg to Fuchner and Starhng 
(31), increasmg the stram on the left ventnde by mcreasmg the 
peripheral resistance causes a nse m pressure m the pulmonary ar- 
cuit However Anrep and Bulatao (4) cntiazed these experiments 
pomtmg out that the mflow into the nght ventnde was not mam- 
tained at a constant levd ’ Welch (1S2) and Kotowschtschikow (158) 
noted a proportionate nse m pulmonary artenal pressure when the 
aortic pressure mcreascs following hgature of that vessel by leaving 
open some of the large artenes of the aortic arch Kata and Wiggers 
(43) found that hgatmg the aorta m a relatively intact animal caused 
no change in pulmonary artenal pressure On open chest expen- 
ments, however, every increase m the mflow to the nght heart, and 
every increase m the load on the left ventnde raised the pulmonary 
vascular pressure (Weber (74), and many others) 

Lambert and Grcmcls (119) found that a nse m pulmonary artenal 
pressure occurs in heart-lung preparations when pulmonary edema 
IS developing, It is impossible to state whether the change in the 
pulmonary artenal pressure is related to cause or effect of the pul- 
monary edema Cataldi (95, 96) found that the devdopment of 
pulmonary edema m animals following the m;cction of imtating 
substances into the vcntncular wall was also assodated with a nse 
in pulmonary artenal pressure and a fall in systemic pressure, ir- 
respecUve of whether it was the left or the nght \entride which wTis 
damaged He attributed this result to a reflex vascular crisis oc- 

* TIie Utmendtnu locttaK In the cotonno Em gave »n inawed Inflow to the rijtlit 
heart. 
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cumng in the pulmonary vessels and due to stunuh coming from the 
heart receptors 

Farber (101, 102) has descnbed in detail the gross and microscopic 
changes m the lungs dunng the development of pulmonary edema 
m animals He records the fact that frank pulmonary edema is 
always preceded by a period dunng which only mtense congestion 
IS present 

Of great clmical importance are the observations of a number 
of authors on pulmonary edema of diverse ongm, in vanous types 
of preparations (Matsuoka, Newton, Barry, Kraus, Brunn, Farber), 
that whenever the tendency toward the formation of edema of the 
lungs IS present, its development is favored by whatever causes stasis 
or mcrease m the volume of the blood m the lungs The relation of 
these findmgs to chmcal observations on the use of venesection in 
combatmg pulmonary edema is evident 

The “left-ventncular failure” theory of pulmonary edema requires 
msufficiency of the left ventncle and at least relatively normal func- 
tion of the nght The early experiments designed to reproduce 
isolated failure of the left ventncle were, as discussed previously, 
neither clean-cut m conception nor conclusive m result 

A more extensive cntiasm of the theory of the nght and left ven- 
tncular failure was pubhshed by the author m 1932 (236) The 
observations of my co-workers Rubmo (143, 144) and Cataldi (94, 
95, 96) on the djmamic effects of lesions m the nght and left ventncles 
show that failure of a smgle ventncle does not occur Possible ex- 
planations for the simultaneous weakemng of nght ventncular action 
when the left ventncle fails may be drmmished return to the nght 
heart due to decreased left ventncular output and/ or dimini shed blood 
supply to the nght coronary artery, both impainng the function of 
the nght ventncle Reflex factors which may alter the function of 
the nght ventricle may also be mvolved, although at present httle 
defimte is known about them As Wiggers (289) has summanzed it 

“ neither experimental evidence nor logic favors the idea of Welch 
that a dissociation of right and left ventricular output alone can cause 
suffiaent rise of puhnomc capillary pressure to produce edema In the 
first place, such dissoaation rarely occius, and then only temporarily, m 
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fact It IS most difiScult to produce by known expenmental conditions 
Only a few condiDons are known in whicb the output of the left heart is 
less than that of the nght. Expenmenls actually show, however, that 
no extreme rise of pulmonic capillary pressure occurs even under these con- 
ditions, for such on unbalance of the cardiac mec h an i sm is promptly 
remedied ” 

The strong probability that neurogenic factors are involved m 
the change in the pulmonary arculation giving rise to edema of the 
lungs requires at least brief consideration of the pulmonary vasomotor 
nerves Olkon and Minas (60) and Sternberg and Taman (69) have 
shown that the capDlanes m the lungs are innervated Daly and 
Euler (16) by means of improvements m techmque, have demon- 
strated strong vasomotor acbvity of the sympathetic nerves to the 
lungs, these authors explam the ambiguous results of early authors on 
the basis of faulty techmque Hochrem and Keller (38, 39, 40) have 
advanced evidence which mdicates that the chief vasomotor control 
of the pulmonary vessels is hrmted largely to the smallest vessels 
There is a good deal of controversy as to whether the vagus or sym- 
pathetic nerves carry constnctor or dilator fibres to the pulmonary 
vessels This hterature has been summarized by Wiggers (289) 
As W U Hess concludes (206) it seems that the middle artenes of 
the lungs are constneted, but the smallest are dilated by the sym- 
pathetic (usmg the word in its anatomical sense) It must be borne 
m rmnd, m addition, that the problem of acute pulmonary edema 
involves not only changes in the calibre of the pulmonary capillancs 
but also in their permeablhty No data are available concerning the 
latter The concept that the permeablhty of capillaries is under 
nervous control is, however, accepted by many observers, particularlj 
to explain the locahzcd peripheral edema seen in various neurologic^ 
disorders 

No general conclusions can be drawn concerning the relation of 
pulmonary vascular dynamics to edema of the lungs as observed m 
animals except that (1) some of the changes observed are secondary 
to the pulmonary edema rather than its cause, (2) once the tendency 
toward the development of pulmonary' edema is present, its occurrence 
can be influenced b> simple mechamcal changes m dymarmes, (3) 
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mechanical factors cannot cause pulmonary edema unless neurogenic 
factors are also operatmg 

V SUMMARY AND CONCLUSIONS 

It has probably become mcreasmgly clear dunng the course ol 
this review that rigid conclusions as to the pathogenesis of pulmonary 
edema occumng m vanous diseases m man cannot vahdly be made 
on the basis of available data Indeed the purpose of this review 
has not been to define exactly the nature of the physiological processes 
which cause edema of the lungs, but rather to show the madequacy 
of the generally accepted theory of left ventncular failure and also 
to summarize observations previously made m order to delmeate the 
nature of problems to be attacked m the future 

Some chniaans are wilhng to accept the importance of neurogenic 
mechamsms m pulmonary edema due to trauma to the skull, etc, 
still retainmg the concept of left ventncular failure for the common 
type of pulmonary edema seen m heart disease This pomt of view 
cannot be controverted entirely, but the fact that it is impossible to 
reproduce the latter type regularly in animals is agamst it Certainly 
the above discussed studies on damage to the left and nght ventndes 
as a cause of pulmonary edema, the only thoroughly acceptable ones 
on the heart m animals, are agamst the concept of left ventncular 
failure 

Should the neurogemc theory be accepted, two types of acute 
pulmonary edema still should be admitted 

(a) Pulmonary edema caused by direct excitation of nervous 
centers (traumatism to the skull, cerebral hemorrhage, encephalitis, 
surgical exatation of gangha, experimental subocapital injection 
of veratnn), 

(b) Pulmonary edema caused by a reflex, the latter caused by 

1 Stimuh occumng either m the heart (distension of the ventndes, 

coronary thrombosis, experimental mjection of drugs m the 
myocardium) or m the large artenes (artenal hypertension), 

2 Stimuh occumng either m hollow viscera (stomach, esophagus) 

or imtatmg the respiratory tract, and the lungs 

The generally unsatisfactory basis for the backward failure theory 
of pulmonary edema strongly favors its abandonment However 
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the pauaty of direct evidence favoring a purely neurogenic theory 
of pulmonary edema also makes impossible at present its acceptance 
as a sole factor, although the widespread use of morphia and other 
nervous depressants m the treatment of edema of the lungs is m a 
sense acceptance of such a theory The problems to be mvestigated 
further are not only those of the mnervation of the pulmonary blood 
vessels but the effects of disease elsewhere in the body, pnnapaUy 
the heart, m influencmg the nerves controUing the pulmonary vesseb 
In addition further studies must be made concemmg the rflle of nerv- 
ous factors m changing the permeabihty of capillanes 

A conclusion of chnical importance can be drawn from the above 
discussed eepenments and re inforced conclusions made on the basis 
of dimcal studies the development and course of pulmonary edema 
can be influenced by mechamcal procedures When a tendency to- 
ward the occurrence of pulmonary edema m the lungs is present, 
stasis or an mcrease m pulmonary blood volume favors its develop- 
ment, procedures which reduce pulmonary stasis and blood volume such 
as venesection and the apphcation of tourniquets to the citremihes, 
will help m edema of the lungs In addition drugs lowering the 
esatabihty of the central nervous system, of the respiratory center, 
of the vegetative nerves tend to rcheve edema of the lungs 
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